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BRIEF FOR APPELLANT 

This brief is filed in support of Applicants' Appeal firom the final rejection mailed 
June 11, 2003. Consideration of the application and reversal of the rejections are respectfiilly 
m-ged. 

Real Party iri Interest 

The real party in interest is the assignee Sloan-Kettering Mstitute for Cancer 
Research. The application is licensed to Conforma Therapeutics Corporation. 



Related Appeals and Interferences 

An appeal is pending in Serial No. 09/960,665 which claims priority firom this 
application. The Appeal Brief has .been filed in that case. This separate appeal is pursued 
because the Examiner has made rejections in this case not made in the other case he is handling. 
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Status of Claims " 

Claims 3, 4, 6 and 9-34 are pending in this application. Claims 1, 2, 5, 7, and 8 
have been cancelled; No other claims have been presented in this apphcation. 



Status of Amendments 

All amendments prior to Appeal have been entered. 

Summary of Invention 

The claims of this apphcation relate to bifunctional molecules comprising two 
linked-together ansamycin moieties. In the bifimctional molecules, the ansamycin moieties can 
bind to hsp90 in the pocket to which ansamycin antibiotics bind, and the bifunctional molecules 
are effective for inducing the degradation and/or inhibition of proteins, including HER-family 
tyrosine kinases in the cells with which they interact. The compositions, of the invention can be 
used for treatment of cancers, including HER-positive cancers widi reduced toxicity, since these 
compounds potently kill cancer cells but affect fewer proteins thaii geldanamycin, an ansamycin 
antibiotic, when used by itself. This activity of hsp-bindLng compounds is not limited to to 
HE-R-kmase. Thus, the com.positions of the invention can be used theraeutically against a broad 
range of cancers expressing other proteins degraded in the presence of hsp90 binding molecules. 

In the pending claims, claims 3-1 1 axe directed to bifunctional chemical 
compounds. Claims 12 and 24-29 are directed to a method for destruction of ceUs expressing a 
HER-family kinase using a compound of the type set forth in the composition claims. Claims 
13-23 and 30-34 are directed to a m.ethod for treating cancer. Of these claims 14, 21-23 and 30- 

34 are directed to treating cancers expressing a HER-family kinase. 

Issues on Appeal 

(1) Whether claims 3, 4, 6, 9-17 and 27-34 meet the definiteness requirements of 

35 use § 1 12, second paragraph? 

(2) Whether claims 12-30 are enabled by the teaching in the specification? 



Applicants submit that both of these issues should be answered in the affinnative, 
and the rejection of the claims reversed in full. 



Grouping of Claims 

With respect to the indefiniteness rejection, claim 9 is argued as a separate group, 
and does not stand or fall with claims 3, 4, 6, 10-17 and 27-34 are argued as a single group for 
purposes of the indefiniteness rejection and these claims stand or fall together. 

With respect to the enablement rejection there are three groups that do not stand 
or fall together. 

(a) Claims 12 and 24-29 which are directed to a method for destruction of 
cells expressing a HER-family kinase using a compound of the type set forth in tiie composition 
claims are argued as a first group. 

(b) Claims 1 3 and 1 5-20 which are directed to a method for treating cancer 
but are not limited to cancers expressing a HER-family kinase; and 

(c) Claims 14, 21-23 and 30 which are directed to tieating cancers expressing 
a HER-family kinase. 

Argument 

The Indefiniteness Rejection 

Claims 3, 4, 6, 9-17 and 27-34 stand rejected under 35 USC § 1 12, second 
paragraph, as mdefinite. The Examiner asserts that the meaning of the term "ansamycin 
antibiotic" would not be clear to a person skilled in the art. Applicants respectfully disagree and 
request reversal of this rejection. 

As a first man:er, in claim 9, both-the ansamycin moieties are identified as being 
geldanamycin moities. The Examiner has expressly stated tiiat tiie scope of geldanamycin is 
known, and claims 1 8 and 24 which contain the same limitation are not rejected on this ground. 
Therefore the application of this rejection to claim 9 is plainly in error md should be reversed. 



35 use §• 1 12, second paragraph, creates a requirement that an Apphcant must 
present claims "particularly pointing out and distinctly claiming the subject matter which the 
apphcant regards as his invention.," The "essence of that requirement is that the language of the 
claims must make it clear what subject matter they encompass." In re Hammack, 166 USPQ 204 
(CCPA 1 970). This requirement has usually been viewed from the perspective of a potential 
infiinger, "so that they may more readily and accurately determine the boundaries of protection 
involved and evaluate the possibility of infiingement and dominance." 166 USPQ at 208. 

Applicants respectfully submit that the term "ansamycin antiobiotic" is a 
recognized teim of art, as is apparent from searches on the internet or in the USPTO fiill text 
search engine. For example, US Patent No. 4,247,462, entitled "Ansamycioi Antibiotic" states 
that: 

Tlie ansamycins constitiite a class of antibiotics characterized by an ahphatic 
bridge hnking two nonadjacent positions of an aromatic nucleus. The rifamycins 
and streptovaricins are well known members of this class of antibiotics. The 
chemistry of the ansamycin antibiotics is reviewed by K. L. Rinehart, Jr. and L. S. 
Shield in Progress in the Chemistry of Organic Natural Products, pubhshed by 
Springer- Verlag, Vienna-New York (1976). 

See also, US Patent No. 4,738,958 entitled "Ansamycin antibiotic and its use as a medicament." 
When one takes tiie stiiictiire of geldanamycin for example, these definitions are applied as 
follows: 




MeO" 

Me Me OMe 

Geldanamycin (GM) 

where the organic nucleus is indicated in red and the ansa ring is indicated m green. 
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The Examiner has criticized this definition, stating without support or explanation 
in the Official Action of June 1 1, 2003- that the appHcation of this definition to geldanamycin (a 
recognized member of the ansamycin family) shows the definition to be flawed because "no 
aromatic nucleus is present (the qumone is not aromatic) and no aliphatic bridge [is present] (an 
aliphatic group does not have a nitrogen in it). " (Office Action, page 2) 

The definition provided by AppUcants conforms to the definitions and the usage 
in the art. The term "anasmycin antibiotic" is used in patents and in the hterature to describe 
compounds such as geldanamycin, herbimycin A (both of which are mentioned on page on Page 
1 line 26 and Page 4, hne 1 3 of the application). The fact that it is used without fiirther 
■ explanation refiites the Examiner's position that the artisan does not understand the meaning of 
the termv Apphcants fiorther enclose two additional pubhcations, US Patent No. 3,954,737 (Ex. 
A) and K. Rinehart, Accounts of Chem. Res. 5: 57-64 (1972) (Ex. B), both of which expressly 
state the same definition previously provided by Apphcants. To the extent that this definition 
might not meet exact chemical nomenclature, it is nevertheless the defmition used hi the art and 
is therefore controlling. However, the Examiner's unsupported assertions with respect to the 
apphcation of the definition are ia error as well. 

First, the Examiner's unsupported contention that the definition must be wrong 
because the term "aliphatic" does not encompass nitirogen containing groups is not only 
inconsistent with the usage in the art relating to ansamycins, it is inconsistent with the ordmar^^ 
meaning of the term in the chemical arts generally. Specifically, one online glossary defines 
"aliphatic" as "An organic compound that does not contain ring stinctiares." 
http://antoine.fi:ostburg.edu/chemysenese/101/glossar>'/a.shtinl#aliphatic. (Ex. C) Another 
defines it as "pertaining to any member of one of the major groups of organic compounds, those 
having a straight or branched chain structure." 
http ://v^^-w.mercksource.com/pp/us/cns/cns_hl_Qorlands. 

jspzQzpgzEzzSzppdocszSzuszSzcommonzSzdorlandszSzdorlandzSzdmd_a_24zPzhtm#918702. 
(Ex. D). Yet another defines it as "of, relating to, or being an organic compound having an 
open-chain structure (as an alkane)." 



http://ww.m-wxom/cgi-bin/dictionary?book=Dictionaiy&va=aliphatic. (Ex. E) Icinoneof 
these definitions is there any limitation that would exclude nitrogen or other non-carbon atoms. 

The Examiner also asserts without" explanation or support that the quinone is not 
aromatic. Again, this argument is inconsistent with the usage in tihe art as exemplified by 
Rmehart and other documents of record. Furthermore, dictionary definitions of "quinone" refer 
to it as an aromatic. For example, one online dictionary defines quinone as 

Any of a class of aromatic compounds found widely in plants, especially the 
yellow crystalline form, C6H402, used in making dyes, tanning hides, and 
photography. 

http://dictionary.reference.com/search?q=quinone. (Ex. F) Another states that: 

This is a general name for aromatic compounds that have two atoms of hydrogen 
replaced by two atoms of oxygen, usually in the para position. 
http://www.drumhb.com/dn/q u htm (Ex. G) Accordingly, Apphcants submit that the rejection 
under § 1 12, second paragraph should be reversed, because there is no reason to imagine that a 
person skilled in the art would have any difficulty detemihiing the scope of the clauns. 

The Enablement Rej ection 
Claims to destruction of cells 

Claims 12 and 24-29 are directed to a m.ethod for destmction of cells exT>res«i"o 
HER-family kinase using a compound of the type set forth in the composition claims. The 
Examiner has rejected these claims as lacking enablement, stating that "undue experimentation is 
required to use compounds of the instant claims to treat cancers generally or those which over 
express a HER-family kinase." These claims, however, recite only kiUing cells that express a 
HER-family kinase, and not the treatment of cancer. Tnus, the basis for the rejection of these 
claims under the logic asserted in the application is unclear-. The Examiner has not offered any 
reasons why the killing of cells is subject to doubt. 

The Examiner has also rejected those claims that refer to the treatment of cancer, 
but do not recite a specific cancer as lacking enablement. These claims are properly considered 
in two groups, first claims 13 and 31-35 which do not specifically recite that the cancer is one 
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that expresses HER kinase, and claims 36 which does make this recitation, although the 
Examiner has refused to give separate consideration on this basis. 

The basis for the enablement rejection is the Examiner's statement that the claims 
"are drawn to the treatment of cancer generally," and his unsupported assertion that "no 
■compound has ever been found that can treat cancers generally." The basis for this argument is 
largely that the Examiner is classing cancer therapy with perpetual motion machines and assumes 
in assessing enablement that it is inherently unbelievable that a cancer therapy could work 
generally. Such may have been the case when In re Buting, 163 USPQ 689 (CCPA 1969) cited 
by the Examiner, was decided in 1969, but the art and the law have progressed since then. The 
notion of automatic unbehevability is no longer credited. Indeed, as the Board of Appeals noted 
in 1987 mExparte Rubin, 5 USPQ2d 1461, 1462 (POBAI 1987), '"contemporary knowledge in 
the art ' has far advanced since the days when the any statement of utility in treating cancer was 
per se 'incredible.'" . Here, the Examiner has not offered any reasoning as to why the assertions 
of general utility in this apphcation, given the suggested mechanism of action. As such, the 
Examiner has failed to meet the burden discussed in In re Marzocchi, 169 USPQ 367, 369 
(CCPA 1 97 1 ), where it is noted that: 

a specification disclosure which contains a teaching of the manner and process of 
making and using the invention in terms which correspond to those used in 
describing and defining the subject matter sought to be patents must be taken as in 
compliance with the enabling requirement of the first paragraph of § 1 1 2, 
unless there is a reason to doubt the objective truth of the statements contained 
therein, which must be rehed upon for an enabHng disclosure. 

An over thirty-year-old case, discussmg the state of the art at that time, is not a reason to doubt 
the truth of the asserted utihty here. 

Furthermore, Apphcants have submitted evidence showing that a monomeric 
ansamycin compound, 17-allylamino-geldanamycin (17-AAG), which is mentioned in the 
specification on Page 8, line 15 and other hsp90 inhibitors are efficacious in a variety of tumor 
types including breast cancer, ovarian cancer, pancreatic cancer and gastric cancer (the cancer 
types specifically mentioned on Page 8, lines 9-11 of the apphcation), other HER kinase 
overexpressing tumors, and tumors which do not over express HER kinase. For example, Yang 
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et al. (Exliibit H), report inMbition of glioma (brain tumor) cells with 17-AAG. Okabe et al. 
(Exhibit I) reports in vivo activity of herbimycin A (an ansamycin antibiotic) against leukemia 
cells. Kelland et al (Exhibit J, JNCI 91: 1940, 1999) achieved tumor cytostasis in two human 
colorectal carcinomas, HT29 and BE for the duration of drug treatment with 17-AAG. Burger et 
al (Exliibit K Proc. AACR, 41 : Abstract # 2844, 2000) reported potent effects of 17-AAG against 
a melanoma xenograft and, interestingly, preliminary data from the London arm of the 17-AAG 
trial indicates that melanoma (2/6 objective responses) may be a responsive tumor (Exhibit L 
Banerji et al, Proc. ASCO, Abstract # 326, 2001) 17-AAG has also been used in studies with 
prostate cancers, and it has been shown that this administration resulted in dose-dependent 
mhibition of androgen-dependent and -independent prostate cancer xenografts. (Exhibit M Solit 
et al., Clin. Cancer Res. 8: 986-993, 2002). 17-AAG has also been shown to enhance paclitaxel- 
mediated cytotoxicity in lung cancer cells (Exhibit N Nguyen et al, Ann. Thorac. Surg. 72: 371- 
379, 2001); and to modulate metastasis phenotypes in non-small cell lung cancer (Exhibit 0 
Nguyen et al., Ann. Thorac. Surg. 70: 1853-60, 2000). Thus, the efficacy of compounds that 
bmd to the hsp90 receptor span a wide range of unrelated cancers, thereby refuting the 
Examiner's statement that generalized cancer therapy is inherently unbehevable. 

Despite repeated requests, the Examiner has never commented on these articles. 
Because of this, Apphcants are unable to address here any reasons he may have for deeming the 
articles insufficient. Apphcants do note, however, that the fact that the articles are dated after the 
filing date of this application is not relevant, since tests performed after the filing date can be 
used to demonstrate the enablement, and the efficacy of that which was disclosed. Furthermore, 
while the tests described in the articles do not utilize the specific biftmctional com.pounds used m 
the present invention, they use monomeric hsp-binding compounds which could be coupled as 
quasi dimers, and the use of such dimers would be within the scope of the rejected claims. Tne 
Examiner has not offered any reasons as to why a person skilled in the art would doubt the utihty 
of these dimers. 

For these reasons, the rejection for lack of enablement. should be reversed. 



Conclusion 

Li light of the foregoing, favorable consideration of the apphcation aad reversal of 
the rejections of record are respectfully urged. 




Respectfully submitted, 



Marina T. Larson Ph.D. 
PTO Reg. No. 32,038 
Attorney for Apphcant 
(970) 468-6600 



APPENDIX 
CLAIMS ON APPEAL 



3. A cheixdcal compoimd comprising first and second hsp-binding moieties which 
bind to the pocket of hsp90 with which ansamycin antibiotics bind, said binding moieties being 
connected to one another by.a Hnker, wherein the first and second hsp-binding moieties are each 
an ansamycin antibiotic. 

4. The chemical compound ofclaim 3, wherein at least one of the hsp-binding 
moieties is geldanamycin. ° 



6. The chemical compound of claim 4, wherein the linker has a length of 4 to 7 
carbon atoms. 

• 9. The chemical compound of claim 3, wherem the first and second hsp-binding 
moieties are geldanamycin. 

1 0. The chemical compound of claim 9, wherein the linker has a length of 4 to 7 
carbons atoms. 

11. The chemical compound of claim 1 0, wherein the Hnker has a length of 4 carbon 

atoms. 



12. A method for destruction of cells expressing a HER-family tyrosine kinase, 
compnsmg administering to the cells a chemical compound comprising first and second hsp- 
bmdmg moieties which bind to the pocket of hsp90 with which ansamycin antibiotics bind said 
bmding moieties being connected to one another by a linker, wherein ie first and second hsp- 
binding moieties are each an ansamycin' antibiotic. 

13. A method for treating cancer in a patient suffering firom cancer, comprising 
administering to the patient a therapeutic composition comprising a chemical compound 
compnsing first and second hsp-binding moieties which bind to the pocket of hsp90 with which 
ansamycin antibiotics bind, said binding moieties being connected to one another by a linker, 
wherem the first and second hsp-binding moieties are each an ansamycin antibiotic' 

14. The method of claim 1 3 , wherein the cancer is an HER-positive cancer. 

15. The metiiod according to claim 13, wherein at least one of the hsp-binding 
moieties is geldanamycin. 
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16. The method according to claim 15, wherein the hnker has a length of 4 to 7 
carbon atoms. 

17. The method according to claim 16, wherein the linker has a length of 4 carbon 

atoms. 

18. The method according to claim 1 3 , wherein the first and second binding moieties 
are geldanamycia. 

19. The method according to claim 1 8, wherein the linker has a length of 4 to 7 
carbon atonis. 

20. The method according to claim 19, wherein the linker has a length of 4 carbon 

atoms. 

21. The method according to claim 1 4, wherein at least one of the hsp-binding 
moieties is geldanamycin. 

22. The method according to claim 2 1 , wherein the linker has a length of 4 to 7 
carbon atoms. 

23 . The method according to claim 22, wherein the linker has a length of 4 carbon 

atoms. 

24. The m-ethod according to claim 12, wherein the first and second binding m.oietiss 
are geldanamycin. 

25. The method according to claim 24, wherein the linker has a length of 4 to 7 
carbon atoms. 

26. The method according to claim 25, wherein the linker has a length of 4 carbon 

atoms. 

27. The method according to claim 12, wherein at least one of the hsp-binding 
moieties is geldanamycin. 

28 . The method according to claim 27, wherein the linker has a length of 4 to 7 
carbon atoms. 

29 . The method according to claim 28, wherein the linker has a length of 4 carbon 

atoms. 
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30. The method of claim 13, wherein the cancer is one in which the cancer cells 
overexpress a HER-family kinase. 

3 1 . The method of claim 1 3 , wherein the cancer is breast cancer. 

32. The method of claim 13, wherein the cancer is ovarian cancer. 

33. The method of claim 13, wherein the cancer is pancreatic cancer. 

34. The method of claim 13, wherein the cancer is gastric cancer. 
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Antibiotics with Ansa Rings 
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Often whea an a-ntibiotic of a new structural tj^pe 
appears _ on the chemotherapeutic scene it is soon 
joined by additional representatives of the same type, 
so that one can begin to speak of a class of antibiotics. 
This is the case with a new class of antibiotics con- 
taining an aliphatic ansa bridge/ a bridge connecting 
two nonadjacent positions of an aromatic nucleus, for 
which the term ''ansamycins'' has been suggested by 
Prelog, 

Thus far four representatives of this class of anti- 
biotics have been identified— the rifamycins, produced 
by Sirepiomyces mediterranei^ the streptovaricins, 
from Sirepiomyces spectahiUs,^ the tolypomycins, from 
Sirepiomyces iolypophorus,^ and geldanamycin, from 
Sirepiomyces hygroscopicus var. geldanus var. nova.^ 
The first three exist as complexes of closely related 
components; more than a dozen individual compounds 
have been assigned to the class. Moreover, some of the 
antibiotics have been isolated by more than one group; 
the nancimycins^^ have been reported «^ to be the same 
as the rif amycins, and the streptovaricins are apparently 
identical with antimicrobial substance B44P^ as well 
as the austmycins.^ 

Structures assigned to components of the rifamycin 
complex, rifamycins B,9-i° L,ii and Y,i2.i3 ^re shown in 
i^igure 1; those assigned to the streptovaricins, strep- 
tovaricins A, B, C, D,. E, G, and F/^'^^ Figure'2, 
that of toJypomycin Y'' in Figure 3; and that of gelda- 
namycin in Figure 4:.^'^: Rifamycins O^i and SV,"- 
originally obtained as degradation products- of rifamy- 
cin B (Figure 5), have been isolated from SirepiGmyces 
4107A2 and a mutant of Sireptoviyces mediierranei, 
respectively. 

Bioiogical Activity 

The ans amycins are notably active against gram- 
positive bacteria. Some broad spectrum activity has 
been noted for certain rifamycin derivatives^^ and some 
activity against gram-negative bacteria for the strep- 
tovaricins. ^ The streptovaricins repress Mycohac- 
iertum iuherculoszs^^ and murine leprosy,^^ and rifamy- 
cin derivatives2B.26 are reported to be clinically 
useful, especially in the treatment of tuberculosis. 
Geldanamycin differs from the other ansamycins in 



K, L, Rz.n&nart, Jr., is Professor of Chemistry ai the University 0/ 
UhT^%& L-roana, '.ohere he has been employed since receiving hia dodoraU 
{wuh James Cason) at the University of California, Berkeley, in 1964. 
h%3 prssent research interests center around bioorganic ch&misirv 
es^vecicUv atruoi'ural, biosyniheiic, and synthetic cs-oscts of antibiotics 
ana mass spsciromeiry as applied to biologically interesting comvounds 
former research ejoris have included fcrays irJ.o ferrocene andcydo-vrene 
cnemiszry, . 



that its principal activity is against protozoa rather 
than against bacteria.^ 

"Curiously, the antibacterial activity of the ansamy- 
cin antibiotics withstands considerable variation in 
structure. Several of the streptovaricins have anti- 
bacterial activity,3.27 and all the rifamycins (A, B, C, 

(1) The term ansa compounds was originally proposed by Ltlttring- 
hsus [A. Luttringhause and H. Gralheer, Justus Liebiga Ann, Chem., 
550, 67 (1942) ] for compounds of this general structural type, usually 
meta^ and para- bridged benzenes. 

(2) P. Sensi, P. Margalith, and M. T. Timbal, Farmaco, Ed. Sci' 
H, 145 (1959). ' . • 

(3) P. Siminoff, R. M. Smith, W. T. Sokolsld, and G. M. Savage 
Amer. Rev. Tuberc. Fulm. X>w., 76, 576 (1957). 

(4) (a) T. Kiflhi, M. Asai, M. Muroi, S. Harada, E. Mizuta, S, 
Terao, T. Miki, and K. Mizuno, Tetrahedron Lett,, 91 (1969); {b) 'M. 
Shibata, T. HoaegaT^-a, and E. Kigaahide, /. Aniibioi., 24,810 (1971)] 

(5) C. De Boer, P. A. Meulman, R. J. Wnuk, and D. H. Peterson, 
J, A-niibioi., 23 , 442 (1970) . 

(6) (a) R. Donovick, J. F. Pagano, and J, Vandaputte, V S 
Patent 2,999,048 (Sept 5, 1961); cf Chem, Abstr., 55, 27792« (1961); 
(b) J. S. P. Schwarz, /. Aniibioi,, Ser, A, 20, 238 (1967). 

(7) H. Yamazaki, ibid,] 21, 204, 209, 222 (1968). 

(8) Dr. Heiichi Sakai, Fujisawa Pharmaceutical Co., peraonal 
communication to Dr. G, B. Whitfield, The Upjohn Co. 

(9) ,(a) W. Oppoher. V. Prelog, and P. Sensi, Fzperieniia, 20, 336 
(1964); (b) J. Leitich, W. Oppolzer,^ and V. Prelog, ibid,, 20, 343 
(1954) , 

(10) M. Brufani, w". iredeii, G, Giacomeilo, and A. Vaciago, ibid 
20. 339 (1964). ' ' 

(11) G. C. Lancini, G. G. Gallo, G. Sartori, and P. Senai, Anli- 
bwi., 22, 369 (1969). 

(12) J. Leitich, V. Prelog, and P. Sensi, Bxperieniia, 23, 505 (1967). 

(13) M. Brufani, W. Fedeli, G. Giacomeilo, and A. Vaciago, ibid . 
23, 508 (1967), 5 , , 

(14) (a) K. L. Rinehart, Jr., and P. J. Antosz, J. Antihioi., in press; 
(b) A. H.-J. Wang, I. C. Paul, K. L. Rinehart, Jr., and F. J. Antosz, 
J. Amcr. Chem, Soc, S3, 6275 (1971), 

(15) K, L. Rinehart, Jr., M. L. Maheshwari, F. J. Antosz, H. H. 
Mathur, K. Saaaki, and R, J. Schacht, ibid,, 93, 6273 (1971). 

(16) (a) T. Kishi, S. Horanda, M. Aaai, M. Muroi, and K. Mizuno, 
Tetrahedron Lett, 97 (1969); (b) K. Kamiya, T, Sugiro, Y. Wada, 
M. Niahikawa, and T. Kishi, Bxperie-niia, 25, 901 (1969). 

(17) K. Sasaki. K. L. Rinehart, Jr., G. Siomp, M. F. Grostic, and 
E. C, Olson, J, Amer. Chem. Soc, 92. 7691 (1970), 

^(1^) addition to the components sho-p/n in Figures 1 and 2, 
rifamycins A, C, D, and E^* and atreptovaricinB H and I^'^ have been 
peporteji.^ Both- relative and absolute Btereochemistry of rifamycins 
B^and Y has been assigned, baaed on X-ray data'^O'^^ and aegradation 
products. »^ The relative stereochemistry of tolyoomycin Y has 
also been determined by X-ray crystallography."'^ The relative 
stereochemistry shown for the streptovaricins has very recently been 
established for a streptovaricin C derivative by X-ray crystallog- 
raphy, It OB of interest that the stereochemistry of rifamycins B 
arid Y, of toiypomycin Y, and of streptovaricin C is the same at all 
the asymmetric carbon atoms. Stereochemical assignments have 
not yet been made for geldanamycin; the pattern shown would 
accord (in part) with the patterns of the other ansamycins. 

(19) P. Sensi, A.M. Greco, and R. Ballotta, Aniibict. Annu., 1959- 
1960, 262 (1960). 

, (20) G. B. "Whitfield, Jr., P. K. Martin, and M. L. Maheshwari, 
unpublished observations. 

(21) S. Sugawara, K. Kara^awa, M. Watanabe, and T. Hidaka, 
J, Ajiizbioi., Ser. A, 17, 29 (1964). 

(22) (a) G, Lancini and C. Hengeller, J. Aniibiot., 22, 637 (1969); 
(b) the biological activities of the rifamycins have been reviewed very 
recently [W. Wehrli and M. Staehelin, Bacteriol. Rev., 35, 290 (1971)]. 

(23) L. E. Rhuland, K. F. Stern, and H. R. Reames, Amer. Rev. 
Tuoerc. Fulm. Vis., 75, 588 (1957). 

(24) Y. T. Chang, ibid., 79, 673 (1959). 

(25) (a) S. FUresz and R. Scotti, Antibiot. Annu., 1959-1960, 2So 
(1950) ; (b) S. FUresz and R. Scotti, Farmaco. Ed. Sci., 16, 262 (1951). 

(26) T. M. Dar-isl, Fngl. J. .\fed., 280, 615 (1969). 
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Figure 1 . Structures assigned to rif amy cins. 



D, E,) are biologically actiye.22.28 Moreover, a number 
of the deriyatives of rifamycin B are more active than 
the antibiotic itself. The biological activity of rifa- 
mycin B is retained through the sequence (Figure 5) 
of oxidation to rifamycin 0 (which forms the lactone), 
hydrolysis to rifamycin S (which removes the glycolic 
acid), and reduction to rifamycin SV (which reforms 
' the hydroquinone) . 

Acyl derivatives of rifamycins B, 0, and SV with 
the phenolic hydroxyl substituted show activity. 29 
Amides of the glycolic acid acid group of rifamycin B, 
such Bs rifamide,3o are also active. ' Condensation of 
rifam^ycin 0 (at the less hindered quinone carbonyl of- 
rifamycin S) with various amines gave active deriva- 
tives, of which the amino guanidine derivative was 
reported to^ be the most active.^s.^i Condensations 
with o-diamino aromatic compounds gave active deriv- 
atives such as rifa2ine.32 j^^ ^^^^ ^^^^ remarkable 
transformation with retention of biological activity 
involves a Manhich reaction at the unsubstituted hy- 
droquinone position and oxidation to the formyl deriv- 
ative, followed by condensation of the formyl group 
with amines (Fig:ure 6). In these derivatives^ such as 
rifampicinj the antibacterial activity of the antibiotic is 
considerably enhanced." 



(27) J. p. Jj'oLkerfesma, W . T. Sokolski, ajid J. ^. Snyder. Aniibiot 
jiTznoi,,. 1957-1558, 114 (1958). 

(28) Under some conditions of fermentation, notably on addition 
of diethylbarbitunc acid to the medium, tKe normaUy occurring com- 
plex of nfamycms (predominantly rifamycins C and D) ia replaced 
fay what IS mostly a single entity, rifamycin B, differing from the 
other nfamycms m solubility properties.^' Rifamycin B is acidic, 
wnereas the other rifamycins are essentially nbutral. This ability 
to obtain one component, and the most stable component at that 
aided considerably in the structural investigations of the rifamycins^ 
since the tedious separation, preliminarj' to the structural investiga- 
tions of the streptovaricins, for example, was obviated. 

(26) (a) P. Sensi, Res.jProgr. Org.-Biol. Med. Ch&m., 1, 338 (1964)- 
(b) apparently, however, the activity of acyl derivatives in antibac- 
terial assays is due to their hydrolysis during incubation [W: Wehrli 
and M. Staehelin, Bxochim. Biophys. Ada, 182, 24 (1969) ] 

(30) P. Sensi, K. Maggi. R. Ballotta, S. Fares2, R. Pallanza, and 
V. Anola, J. Med. Chem., 7, 596 (1964). 

^^H.'^-.fo'l''' ^' Timbal. and A. M. Greco, AntibioL Chemo- 
t/ier., 12, 48S (1962). 

.S^^^ ^o' ^* 2" ^* P^squaiucci. K. Maggi. R. Bailott-a, 

and P Sensi. Farmaco, Ed. Sci., 21, 63 (1966); (b) H. Bickel, F. 

n^^^f ' ^^'^ ^- ^"eipp, Aniimicrob. Ag. Chsmoiher., 1P(56, 

oc2 ;i9o7). 

(S3) N. Maggi. R. PaUansa, and P. Sens:, ihid., 1965, 765 (1956). 
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^^IfCH^H H fH3 9H CH,\ 
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TOLYPOMYCIN Y 
Fig-are 3 . Structure assigned to toiypomy cm Y. 

The modes of action of rifamycin^^'^^ and strepto- 
Yaricm36.37 as antibacterial agents are very similar. 
Both antibiotics inhibit DNA-directed UNA poly- 
merase in bacterial cells more strongly than any other 
known agent, It seems likely that both antibiotics 
act at a similar site, since E. coli resistant to one of the 
antibiotics is also resistant to the other. Specific 

•(34) G. Kaxtmann. K. O. Honikel, F. KnUsel, and J. Ntiesch. 
Bwchzm. Biophya. Ada, H5, 843 (1967). 

(35) H, L'mezawa, S, Mizuno, H. Yamazaki, and K ^Titta / 
Aniwoi., 21, 235 (1968). ~ ' ' 

(36) H. Yamasaki, S. >Iizuno, K. Nitta, R. Utahara, and H. 
L'meza^-a, ibid., 21, 63 (1968). 

(37) S. -Mizuno, H. Yair.azaki, K. Ni-.ta, and H. Umezau-a. 
Biochtm. Biophys. Ada, 157, 322 (196S). 

(3S) G. Hartmann, Yv. Behr, K.-A. BeUmtv, K. Hor.ikei. a-^d A 
Sippel, Angeu:. Chem., 80, 710 (i.96S^. 

(39) K. Ni-ta, S. Mizuno. H. Ya-azaki. and H. U-e-xv.a, ./. 
Ardibiot., 21, ,521 (1966). 
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Figure 5. Coaversion of rifamycin B to related biologically active 
compounds. 

Structural requirements needed to ensure activity have 
not been ascertained. In view of the wide variety of 
rifamycin derivatives which retain antibacterial activ- 
ity, the principal requisite feature may be the ansa 
bridge. Unfortunately, reports of the mode of action 
of tolypomycin and geldanamycin are not available. 

The effect of rifamycin and strep to varicin in inhibit- 
mg ENA polymerase recalls the similar activity of 
actinomyein; however, the mode of action appears to 
differ. Whereas actinomyein interacts with the DNA, 
rifamycin appears to interact directly with the polym- 
erase itself. In the case of rifamycin, the antibiotic 
and enzyme form a very stable complex. As expected, 
RNA polymerase from rifamycin-resistant m.utants 
does not form a similar complex. The action of 
chromomycin is the same as that, of ■ actinomyein. ^= 
In keeping with this difference in mode of action be- 
tween Etreptovaricin-rifamycin and actinomvcin-chro- 
momycin: (1) the former antibiotics do not interfere 
vnth DNA-dependent DNA synthesis, (2) their 
effect on UNA synthesis is independent of the base 
composition of the DNA 'template, (3) they must be 
added prior^"-" to the hiitiation of the polymerization 
reaction since their specific action lies in blocking 
initiation of the UNA synthesis, 4 3 (4^, activity 
is much greater aginst bacterial UNA polymerase 
than against mammalian*" or tumor^"^ UNA polymerase. 

In bacterial polymerase studies rifampicin (Figure 6)- 
usually is used, although rifamycins B and SY (Figures 

Biophys. Ada, 157, 215 (1968) 

(41) W. Wehxli f; KnUsel. K. Schmid, and M. Staehelin, Proc. 
r^ai. Acad. Sci. U, S., 61, 667 (1968). 

(1965) ^' Bwchim, Biophys. Ada, 157, 215 



(43) 
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Oh 

Figure 6. Biologically important compounds derived from rifa- 
mycin SV. 

1 and 5) also appear to be effective. Other organisms 
are inhibited by rifamycin derivatives as well. Growth 
of Anacysiis moniana (a blue-green algae representative) 
was completely blocked by rifamycins B and S and 
rifampicin, while growthiof Chlorella jpyrenoidoaa (green 
algae) wa.? unaffected.-** On the other hand, devel- 
opment of trachoma agent was markedly inhibited by 
rifampicin and rifamycin SV but not by rifamycin B.*^ 
The ansamycins are also' antiviral agents; the activ- 
ity of rifampicin has been tested with human volun- 
teers.** Rifampicin (Figure 4) inhibits replication of 
vaccinia poxvirus,'*'-*^ and the same effect is mani- 
fested by at least one (but not by all) of the strepto- 
varicin components.^o More recently A^-demethyh-if- 
ampicin and AF/ABDMP (2,6-dimethyl-A^-demethyl- 
A^-benzykifampicin), other derivatives of f ormylrif amy- 
ciii SV (Figure 6), have been shown to be much more 
potent than rifam.picin in inhibiting vaccinia vims. 
Herpes simplex, and pseudorabies." The mode of 
action of rifampicin. in this inhibition of viral replica- 
tion appears to be *different^»-" from that described 
m the preceding paragraphs for bacteria. The gross 
effect is inhibition of ^d^is particle formation, and this 
appears to proceed by prevention of the conversion 
of one polypeptide to another .^^ 

• Most dramatic (and most recent) of the activities of 
the ansamycins is that as potential antitumor agents, 
A number of derivatives of formylrifamycin S V (Figure 
6) have been shown" to inhibit the UNA-dependent 
DNA polymerase activity^* of several UNA tumor 
viruses. In this system rifampicin was without effect, 
but iY-demethyh-ifampicin, AF/ABP (iV-demethyl- 

(44) M. Rodriguez-L6pe2, M. L. Mufloz, and D. Vazauea FJSB3 
{Fed, EuT. Biochem. Soc.) Lett., 9, 171 (1970). 

(45) ' Y. Becker, Naiurc (London), 231, 115 (1971). 

(46) A. Moshkowitz. N. Goldblum, and E. Heller, ibid., 229, 422 
vl"'l)> 

,oo^^2.r?V,?f!J;^''' ^-^^eamau, H. Levy, and N, Goldblum, ibid,, 
i6*.J, 27o (1969). 

222^^341 '(fge^O)^^^'^^^'"^^' ^" Williams, ibid,, 

..mi ^' Bicchem. Biophys. Mes. Commun,, 37. 289 

(19o9). 

^^K^^- ^^^^eli B. R. McAuBlan, J. Virol, 6, 485 
(19/0); (b) K. B. Tan and B. R. McAuslan, Biochem, Biovhvs. Ros: 
CoTnmun., 42, 230 (1971). 

^' L^ncini, R. Cricchio, and L. Thiry, J, AntihioL, 24, 64 

(19a). 

(52) (a) B Mo3s, E. N. Rosenblum, E. Kats, and P. M. Grimley, 
liaiure {London) 224. 1280 (1969); (b) E. Kai-z and B. Moes. Proc. 
Sioi. Acad. Sci. U. S., 66, 677 (1970) 

Bifif, 2^P^Tf°(mif ' ^' ""^^ ^"'^"^^ ^""''^ 

(19^0) ^' '^^"'^^ -Vc^-^rs (London), 226, 1211 

(55) D. Baltimors, ibid,, 226, 1209 (1970). 
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A^-benzylnfampicin)-, and AP/ABDMP (2,5-dimethy]- 
A'^-demethyl-.V-benzylrL^ampicm) were Hghly active " 
For inhibition of ENA-dependent DNA polymerase 
amvity m muxme leukemia virus, the streptovancin 
complex IS reported to be highly active, considerably 
more ao than .purified streptovaricins Aor C, or rifamy- 
om SV. -w-hich in turn are reportedly more active than 
nfampicm » The clinical utility of these ansamycins 
as antitumor agents remains unkuown. 

Structural Studies on Streptovaricins 

Studies leading to the assignment of structure to 
rifamycm B have been reviewed elsewhere.s.io.s? gij^. 
ilarly, evidence for the structures of rifamyoin Yi«.!' ' 
and tolypomycin YMc.ir found in other sources 

The structure assigned to geldanamycin is based 
nearly entirely on interpretation of the nmr spectra of 
geldanamycm and simple derivatives or degradation 
products." Consequently, we shall here exercise an 
authors prerogative and concentrate our attention 
on our o^m studies of the streptovaricins. 
_ The streptovaricin complex was initially character- 
ised in work at the Upjohn Company, where the anti- 
biotic was demonstrated to consist of a mixture of 
related components^' separable by countercurrent 
dastnbution, partition' chromatography, and paper 
chromatography. In our work, we have made exten- 
sive use of thin (and thick) layer chromatography 
m separating these orange antibiotics." In the normal 
fermentation products streptovaricins A and G are 
the principal components, while a number of oth-r 
components can' be identified in concentrates from 
which most of the A or C components have been 
removed. 

Difficulty was initiaUy encountered in establishing 
molecular formulas for the streptovaricins due to their 
formation of stable complexes vnth solvents. However, 
mass spectrometry, combined with elemental analys'e's 
of samples from which solvent had been scrupulously 
removed under high vacuum, allowed assignment of 
m.Qlecular formulas. The molecular formulas indi- 
cated immediately that the streptovaricins are closely 
related, being either C« or compounds with varying 
numbers of oxygen atoms,' 'Significantly, the a. 
compounds contain ten C-methyl groups"' (includmg 
two acetate groups), while the C,o compounds contam 
nine C-methyl groups (including one acetate group) 
Accordingly, it was felt that the streptovaricins aH 
contain an identical carbon skeleton and that they 
diner from one another in the degree of oxygenation 
and degree of acetylation.'^' This supposition was 
supporiied by the fact that the ultraviolet spectra of 
the streptovaricins'* are nearly identical. 
. Because the compounds share a com.mon chromo- 

P ^n^'v5, Y- ^-^ A. Car-ier, L.-H. Li, F. Reusser, «,d 

^. ri. iNic-holj Aaiure (London), 230, 249 (1971). 

(57) V, Prelog. Pure Appl Cksm., 7, 061 (1963). 

(oS) G. B. Whitfield, Jr., E. C. Olaor., R. R. Herr. J. A. i^ox M E 
7,^i"!2; ^-'^ ^' Boyack, Amer. Rev. TuUrc. Puhm. Dis., 75, 584 

M' ^' c?'""^!'. ^' ^' Ma-tin. and C. E. Covardaie. J. 
-imer. Chem, Soc, S8, 31'i9 (1966). 
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Figure 7. Degradation products derived from the streptovari- 
cins. 

phoric system, initial attempts centered on degrading 
the streptovaricins to a structural entity in which the 
chromophore was retained. However, attempts to 
degrade the compound by standard hydrolytic tech- 
niques were singularly unsuccessful The failure to 
hydrolyze contrasts vnth the successful hydrolyses of 
rifamycin and tolypomycin and can be attributed 
to the replacement of the enol ether function of the 
rifamycins and tolypomycins by a carbon-carbon bond 
in the streptovaricins . 

Initial attempts at oxidative degradation of strepto- 
varicins also yielded httle information, but ultimately 
streptovaricin A was shown (Figure 7) to react with 
2 moles of sodium periodate to give a colorless w^ater- 
soluble product; varicinal A.^o-si ^^d a water-insoluble 
orange product, prestreptovarone.^^'^^ Qf the other 
streptovaricins, only streptovaricin G gave prestrepto-- 
varone on treatment with periodate. However, all the 
streptovaricins except streptovaricin D, on treatment 
With a mixture of sodium periodate and osmium tetrox-- 
ide, gave streptovarone, a somewhat smaller orange' 
compound, which was shown to be related to prestrep- 
tovarone by conversion of the latter compound to the 
former on oxidation ■ with perio date-osmium tetroxide. 
Since both compounds contain the chromophore of the 
streptovarieins,^^ attention was directed initially to the 
smaller compound, streptovarone.^^-^^ 

On mild acidic hydrolysis, streptovarone vfas con- 
verted to a deep red compound lacking nitrogen, and 
other hydrolyses of streptovarone yielded formaldehyde 
and pyruvic acid, isolated as suitable derivatives 
(Figure 8).«2 A third group of streptovarone absent 
in the deep red compound was an enol acetate function, 
identified by infrared and nmr spectra. Accordingly, 
the new aromatic compound was referred to as dapma- 

varone ■ ((feocetyldepyruvyidemethylenedioxystrepto- 
varone), 

Dapmavarone in turn was further degraded, by a 
serendipitous D akin, reaction, to 3,7-dimethyl-.2,5,6,S- 
tetrahydroxynaphthoquinone and 2-methyl-4-oxo- 

(60) K. L. Rinehart, Jr., and H. H. Mathur, ibid,, 90, 6240 (r9bS). 

(61) K. Sasaki, K. L. Rinehart. Jr.. and F. J. Antosz, J. Aniibiot., 
m press. 

(62) K. L. Rinehart, Jr., C. E. Coverdaie, and P. K. Martin 
Amer. Chem, Soc, 88, 3150 (1966). 

(63) P. K. Margin, Ph.D. Thesis. Universitv of lilinoiv, XJvbi'rr 
1955. 

(64) K. L. Rinehart. Jr., and F. j. Antosz. /. Antibiol., ir 7^r<-<:i. 
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Figure 8. Degradation products derived from strep to varone. 

2-psntsiicic acid. The hydroxy! and methyl groups 
in the quinone were located by consideration of its 
nmr and mass spectra^s and by comparison of these 
spectral properties , with those of similar compounds 
prepared in the extensiye studies of Scheuer and Moore 
on spinochromes.ss ^he keto unsaturated acid was 
initially identified from its nmr spsctrums^ and sub- 
sequently compared to a synthetic sample, prepared 
by a known route.^^ 

With all the carbon atoms in streptovarone identified, 
there remained only the problem of putting the pieces 
together again. Since the quinone and the keto 'un- 
saturated acid had been isolated from a iDakin reaction, 
they could be assumed to be formed by the introduction 
of 1 mole of hydrogen peroxide between an aromatic 
ring and a carbonyl group of dapmavarone. Because 
the quinone has a center of symmetry, only three 
positions needed to be considered for attaching the 
carbonyl group. Ultimately, the decision rested on 
the nmr spectrum, of dapmavarone. Indeed, many of 
the structural assignments from this pouit on rest on the 
shifting positions and splitting patterns of certain 
protons observed initially in the nmr spectrum of the 
keto unsaturated acid (a, Figure 9) . 

-Liic uiciiiiiu yruuuiJL ui uuc uusai/UratecL acid is lackmg 
in the nmr spectrum of dapmavarone (b, Figure 9), 
being replaced by absorption of a new methylene 
group. Moreover, the olefinic methyl group has been 
shifted to a position more appropriate to a methyl 
group on a quaternary aliphatic carbon. These 
changes imply addition- of an oxygen function across 
the carbon-carbon double bond to give an additional 
ring, an implication supported by the appearance of a 
saturated ketone's infrared absorption at 1725 cm.-^ 
The very low frequency of the aromatic ketone band 
(below 1635 cm-^ indicates hydrogen bonding and 
requires the aromatic carbonyl (removed in the Dakio 
reaction) to be located in the central position (for" 
hydrogen bonding) among the three hydroxyl groups of 
the quinone (Figure 8). Comparison of the properties 
of dapmavarone to those of synthetic model compounds 
confirms the structure shown for dapmavarone in 
Figure 8,^^ 



(65) Ca) C. W- J. Chang. R. E. Moore, and P. J. Scheuer J 
Amcr. CheTTu Soc„ 86, 2959 (1964); (b) R. E. Moore and P. J* 
Scheuer, J.Ofg^. Chem., 31, 3272 (1956); (c) I. Singh, R. T. Ogata r! 

7.nao°^°^^' ^- J- Scheuer. Tetrahedron, 24, 6053 

(1968) . 

•'^cf ^254 " ^Vs?~'''^969^^' ^" ^""^ Schreiber. C. Acad. 

(57) D. C. Schlegel. Ph.D. Thesis. University of niinois, 1S69. 



HOOC^ 
7.80 sb 



COCH, 
7.67s 

(a) 



7.95$ 
CH jCOCH?" 

/-< 

6.S7S 



S.495 



(b) 



1! I 



4.2-4.9mb L 
{4.2 -4.9 mb) 

7.85»b 
(T.aSsb) 

(c) 



. 'CH3 

C^CH. 



f Jhj— B.06» 



3.45«b 
(3.48q) 




(d) 



4.26d, 4.80d^^ 
(4.22d, 4.86d) 



I 



7.75sb 
(7.8l5b] 



r 

CH, 



4.4lsb 
(4.37) 



— 8.B3S 
(8.B7s) 



(e) 

Fi^re 9. Chemical shifts of characteristic protons of strep to- 
varicins and their degradation products: (a) 3~oxO'irans-2- 
pentenoic acid, (b) dapmavarone, (c) streptovarone (prestrep- 
tovarone), (d) photostreptovarone (deptovarone), (e) strepto- 
varicin A (C). 

In streptovarone (Cj Figure 9), the olefinic hydrogen 
and an olefinic methyl group are foimd again. The. 
ketone group in the side chain was confirmed by the 
formation of a dioxime of streptovaronej the other 
ketone bein.g in the pyruvamide group. The func- 
tional group in streptovarone which is hydrolyzed to 
formaldehyde was identified a methylenedioxy 
group by its appearance at low field in the nmr spectrum, 
with the methylene protons being deshielded by two 
ox3^gen atoms. The amide function was identified 
by the. nitrogen atom's neutrality and hydrogen ex- 
change and located by comparison of its properties to 
those of 2-aminonaphthoquinone and 8-hydroxynaph- 
tho quinone. 

Although the partial structure in the enoiic" portion 
of the molecule obviously involved a methylenedioxy 
group and enol acetate, as sh own here J it w"as not clear 



— 0 




CH3 



COCH3 

which two of the three oxygens the methylene group 
was spanning or, by difference, which oxygen was 
involved in the enol acetate group. This was ulti- 
mately assigned by consideration of the structure of 
photostreptovarone, discussed below, which was first 
observed as a yellovv spot appearing on thin layer 
plates during chrom.atography of the orange si-repto- 
varone. 
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Figure 10. Structures of photostreptovarone and related prod- 
ucts. 

More careful radiation studies in solution allowed 
the isolation of photostreptovarone.^^ The molecular 
formula of photostreptovarone indicated loss of CiHeOs 
(the elements of acetic anhydride) from, streptovarone 
and, indeed, acetic anhydride could be identified as a 
product of the photolysis. The yeUow compound 
itseli was sho\^n, by comparison of its ultraviolet spec- 
trum to those of related compounds, to be an 8-hydroxy- 
phenalenenone (Figure 10), which would be formed via 
the intermediate dihydrophenalenone shown, A hy- 




drolysis^ product, ^deptovarone (depyruvylphotostrep- 
iovarone), wa3 also prepared. The methyl and hydro- 
gen groups empolyed in assigning the structures of 
uiapmayarone and. streptovarone appear at the appro- 
priate aromatic positions in photostreptovarone (d,- 
Figure 9). The isolation of photostreptovarone and 
its assigned straeture define the locations of the meth- 
jdenedioxy and enoi acetate groups in streptovarone. 
Taken together, these lines of argument allowed assign- 
ment of the structure of streptovarone."'^^ 

The structure of the immediate precursor of strep- 
tovarone,- prestreptovarone, was • apparent once the 
structure of streptovarone was established, since the 
nmr spectrum of prestreptovarone indicated an addi- 
tional unsaturated methyl group and three olefinic 
hydrogens. The chemical shifts and coupling con- 
stants of these hydrogens indicated the stereochem- 
istry shown here.iS'89'70 Photoprestreptovarone, with 
structure analogous to photostreptovarone, w^as ob- 

2239^ afeV)" ^' ^- C!Afim. Soc, 89, 

.Sn ^'k ^^^^^t l^'^ Mathur, Sasaki. P. K. Martin, 

aad^G. E. Coverdale, xoxd., 90, 6241 (19.68). 

(70J The stereochemiEtry of an early sample of Drestreotovarone 
^-as assigned^s as trans.trans instead of the- trans, cis ST;ereocher-^=^trv 
^t°™r7"^'"' ^ ^^-^^^ ^■^''^-^ s-eptovaricins." Appareniay tie 




H.C H.C^^C^^n ■ 
H \^ II — J=U.5 Hz 



OAc 




J = 11.0 Hz 



T 1.91 d 



tained from photolj^sis of prestreptovarone (Figure 10). 

With the structure of prestreptovarone in hand, 
attention was directed toward the colorless water- 
soluble product from periodate oxidation of strepto- 
varicin A, varicinal A.«0'«i Although the electron- 
impact-produced mass spectrum of varicinal A did not 
give a molecular ion, its molecular formula^ could' be 
assigned from the occurrence of peaks at M — 31 and 
M - IS whose juxtaposition indicated them to be frag- 
ment, ions rather than molecular ions. A field-emission 
mass spectrum of varicinal A gave a strong molecular 
ion and confirmed the molecular formula.^^ 

The structure of varicinal A (Figure 7) rests on its 
nmr spectrum and those of related compounds derived 
from streptovaricin C.^^ Individual peaks in the 
spectra occur at appropriate positions, and spin de- 
coupling (Figure 11) indicates which of the protons are 
on adjacent carbon atoms. From the nmr spectrum 
of varicinal A relative stereochemistry at the atoms 
in the six-membered ring can be assigned (Figure ^f} 
it is the same as that found in the rifamycins (Figure 1) 

From^ the structures of prestreptovarone and vari- 
cinal A one can develop the structure of streptovaricins 
A and C/^-'^^'''^ remembering that 2 moles of periodate 
is required to cleave streptovaricin A to prestrepto- 
varone and varicinal A. The nmr spectra of the strep^' 
tovaricins indicate that all the oxygens of the strepto^" 
varicins which are found in varicinal A are present in th^ 
streptovaricins as hydroxyl, acetate, or carbometho^yl 
groups; leaving as the only positions available for 

attachment to +h^ ■r^rQO"f.T-Q-n+/^TroT-r\-no T^nT4 r.-P+T^o 



the 



erminai caruons, as shown m i'igure 11. On^; 



point of attachment must be the e carbon of the oxb^ 
dienamide unit in prestreptovarone. The carbonyl 
group at that position must have existed as a tertiary 
alcohol in streptovaricin A. In principle, that carbon 
could have been attached to either aldehyde carbon 
varicinal A. However, spin-decoupling experiments'^ 
carried out on streptovaricins A and C and related 
compounds (Figure 11)^9 completed the linking of the^ 
carbon atoms of varicinal A with those of the prestrep- 
tovarone dien amide unit . ■ . : Z; 

The second point of attachment (and the second' 
point of periodate cleavage) was more difficult to locater" 
It is particularly significant that one of the olefinic 
methyl groups of streptovarone appears in strepto^ 
varicin A (e; Figure 9) as a deshielded aliphatic methyl 

2^' ^:f:-^*-' Vv. Shannon. J. Tv, A~y, and F. \V. Mc- 
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Figure 11. Chemical shifts and coupling of varicinal A protons 
and related protons in strep tovaricins. 

* group, indicating the tetragonal nature of the carbon 
to which it is attached and suggesting an oxygen sub- 
stituent. The latter point was confirmed by the ap- 
pearance of the quaternary carbon at 82,9 ppm from 
tetramethylsilane in the nmr spectrum of strep- 
tovaricin C, a region appropriate for a hydroxyl- 
snbstituted carbon atom.'* . The only carbon in the 
.diene side chain of streptovarone which is appropriate 
for a >C(CH3)0- group is as shown in the partial 
structure here. The methylenedioxy group appears 




HsCs^C OAc 
I 



H3C— C 



CH 

i<:. 



as an AB quartet. In the spectrum of streptovarone 
that group appeared as a very broad absGrp-tion which 
could be sharpened to a singlet on heating or split into 
an AB quartet on cooling. In photostreptovarone, 
the peak occurs as a singlet (d, Figure 9). Thus, the 
structures of streptovaricins A and C are assigned as 
showninPigure2.- 

With the structures of streptovaricins A and C in 
hand, we turn to the structures of the other strepto- 
varicins. As mentioned, these compounds must all 
be closely related in light of their similax molecular 
formulas— most likely by a common carbon skeleton 
differing in degree of oxygenation and acetylation. 

A useful tool in assigning structures to the strepto- 
varicins was mass spectrometry. Mass spectra of 
nearly ail the streptovaricins contain strong peaks in 
the lower mass region at m/e 390, 324, 297, and 269. 
These peaks were initially a source of perplexity, even 
after determination of high-resolution spectra and 
assi.£:riment of strucuures to strp.ntov.q.ririr.> A ^r^A r. 



in that there is no contiguous set of atoms in strepto- 
varicins A and C which could lead to fragment ions 
haviP-g this composition. However, the perplexity 
was resolved with the observations that prestrepto- 
varone and photoprestreptovarone give intense ions 
at m/e 390, 297, and 269," that streptovarone" and 
photostreptovarone give peaks at m/e 324, 297, and 
269, and that deptovarone gives peaks at m/e 297 and 
269.15.72 These results indicate a process occurring 
in the mass spectrometer akin to the photolytic process 
observed in solution (Figure 10) and the streptovaricin 
fragmentation joins the g^o•v^dng list of mass spectral- 
photochemical analogies.^s indeed, a metastable ion 
has been found indicating the one-step loss of C^HeOa 
(acetic anhydride) from the M - 43 ion (m/e 426) of 
streptovarone.72 q^^^^ ^^^^ streptovaricins A and 
C but streptovaricins B, E, F, and G all give the m/e 
390, 324, 297, and 269 peaks, the other streptovaricins 
must also contain the structural unit of streptovaricins 
A and C giving rise to the peaks. 

A second useful tool was periodate oxidation, both 
in assigning the amount of periodate consumed and in 
establishing the formation of prestreptovarone or the 
lack thereof. Thus, only streptovaricin G besides 
streptovaricin A gives prestreptovarone on treatment 
with sodium periodate, consuming 2 moles of oxidant. 
This cleavage indicates a hydroxyl in the e position of 
the dienamide for streptovaricin G. Lacking an ace- 
tate of streptovaricin A, it is assigned the structure in 
Figure 2. Streptovaricins B, 0, E, and F do not give 
prestreptovarone on cleavage with periodate but react 
with 1 mole of periodate to give compounds which 
retain both the chromophoric unit and the complete 
side, chain. Streptovaricins B, C, and E do not have 
a hydroxyl at C-6 of the macrolide ring; F has a pro- 
tected hydroxy] at C-7 of the ring. 

In assigning structures to" the other streptovaricins, 
100- and 220-MHa nmr spectroscopy were ■ employed 
throughout, and essentially every proton could be 
located and assigned. The spectrum of streptovaricin' 
C (Figure 11). as the most abundant streptovaricin, has 
been studied most extensively and has been compared 
carefully to those of the other streptovaricins. Struc- 
tural parameters deduced by these nmr spectral com- 
parisons have been confirmed by chemical evidence. 
Streptovaricin B has one acetate 'unit lacking in strep- 
tovaricin C; it is located at the same position as in 
streptovaricin A. Acetylation of streptovaricins B 
and 0 gives a common product, as does acetylation of 
streptovaricins A and G.^^ Streptovaricin E has a 
molecular formula two hydrogen atoms less than that of 
streptovaricin C and its infrared spectrum contains an 
extra carbon^d group, which its nmr spectrum locates 



Cv2) R. J. Schacht, Ph.D. Thesis, University 01 Illinois, 1969, 
^^S'X^ ^- L'- BurlinEame, C. Fenseiau, W. J. Pachter, 

W. G. Daubsn, G. W. Shaffer, a-d D. Viet.-nsyer. Amer. Chem. 
^oc 39, 3346 (1967) ; N. J. Turro. D. W. Vveiss, Vv . F. Haddon; and 
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at C-7 of the side chain. On reduction with sodium 
boroliydride streptovaricin E gives streptovaricin C.^^ 

The most distinctly different streptovaricins are 
streptovai^icins D and F. Streptovaricin D has one 
oxygen atom less than streptovaricin C and one of the 
ahphatic singlet methyl groups in the nmr spectra of the 
other streptovaricins is replaced by a methyl doublet 
at higher field, Streptovaricin D is not cleaved by 
sodium periodate at all, in accord with its lack of hy- 
droxyl groups at 0-6 and The mass spectrum of 

streptovaricin D lacks the characteristic peaks at 
m/e 390, 324, 297, and 269 found in the spectra of the 
other streptovaricins and its structure is assigned as 
shown in Figure 2. 

The molecular formula of streptovaricin F suggests 
it to be related to streptovaricin G but lacking the 
elements of methanol. This is confirmed by their 
respective nmr spectra in that the methoxyl group 
absorption of the other streptovaricins is absent in the 
spectrum of streptovaricin F and the G-7 proton is 
shifted downfield (due to acylation of the C-7 hydroxjd) 
relative to the spectra of other streptovaricins.^^ 

Biosynthesis 

Little work has been reported dealing with the bio- 
synthesis and bioconversion of the ansamycins. In-, 
spection of their formulas, suggests the highly branched 
side chains axe likely formed from acetate and propio- 
nate (malonate and methylmalonate) unitsj^^ or, possi- 
bly, from acetate v,dth subsequent methylation of the 
polyacetate chain by methionine or another one-carbon 
unit. PreHminary results concerning the primary 
source of the carbon atoms of rif amycin B indicate that 
propionate is a good precursor but that methionine is 
incorporated only in the methoxyl group. ^^-^^^ The 
naphthoquinone .rings may also be derived from 
acetate-propionate or from acetate with subsequent 
methylation.^* However, an alternative pathway to ■ 

(74) J. W. Corcoran and M. Chick in "Biosj-nthesia of Anti- 
biotics," Vol. I, J. Snell, "Ed., Academic Press, New Vq^v v 
1986, p 159. ' ' ■ **• 

(75) P. Sensi, unpublished results, 

(76) V. Frelog, personal communication. 



naphthoquinone rings could' be involved, such as that 
involving shikimic and glutamic acids. -'^ 

Bioconversions of some of the rifamycins have been 
reported. Labeled rif amycin B added to the fermenta- 
tion medium has been shown to be converted to rifamy- 
cin , by hydroxylation and oxidation/^ Rifamycin B 
itself is derived from rif amycin as is rifamycin L, the 
isomer of rifamycin B.i^ The latter two components 
appear to interconvert, but not directly, since aromatic 
ring-labeled rifamycin L gives labeled rifamycin B but 
labeHn the glycolate unit of rifamycin L is not retained 
in rifamycin B. Rifamycin 0 has been proposed to be 
an intermediate for both.^^ 

Future Directions 

The ansamycins represent some of the most coniplex 
antibiotics thus far isolated, and further members of 
this family will presumably be reported. The very' 
high activity of the compounds promises continuing 
interest in them, both as tools of molecular biology 
through study of their mode of action and as potentially 
useful chemotherapeutic agents. In the latter capac- 
ity, it seems likely that the remarkable latitude allowed 
in structural modification ynth retention of biological 
activity will prompt further investigation along these 
Hnes. Moreover, the demonstrated ability to direct 
Sirepiomyces mediterranei toward production of one" 
selected component of the rifamycins suggests the 
promising nature of continuing efforts toward biological 
modification of all these antibiotics. * ' • 

li is a pleasure to express here my sincere appreciaiion to my 
collaborators whose work is discussed here — J. Antosz, C, E. 
CQverdale^ M, L, Makeshxoarij P, K. Mariir., H. H. Maihur K 
Sasaki, R. J. Sehacht, and D. C. Schlegel; to the Upjohn Co. for 
streptovaricin samples; and to the National InsiituU of Allergy and 
Infectious Diseases for their grants (AI 01B78 and AI 04769) in 
support of this work. 



(77) P. Dansette and R. Azerad, Biochem. Biophya, Res, Commun • 
40, 1090 (1970), and earlier papers. 

(78) D. J. Robbina, I. M. Campbell, and R. Bentley, ibid, 39 
1081 (1970), and earlier papers. ' 

_ (79) G. C. Lancini, J". E. Thiemann. G. Sariori. and P. Sensi' 
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Glossary: A 



Abcdefghijklmnopqrstuvwxyz 



A calculation or prediction that is based purely on theory rather than on 
expenmental data. Accurate ab initio predictions are an important test of a theory 
(Lat, "from first principles ") 

abrasive. 

A very hard, brittle, heat-resistant substance that is used to grind the edges or 
rough surfaces of an object, boron carbide, diamond, and corundum are 
abrasives. 

absolute error, absolute uncertainty. Compare with relative error"^. 

The uncertainty in a measurement, expressed with appropriate units. For 
example, if three replicate weights for an object are 1 .00 g, 1 .05 g and 0 95 g 
the absolute error can be expressed as ± 0.05 g. Absolute error is also used to 
express inaccuracies; for example, if the "true value" is 1 .11 g and the measured 
value is 1 .00 g, the absolute error could be written as 1 .00 g - 1 .1 1 g = -0.1 1 g. 
Note that when absolute errors are associated with indeterminate errors'^, they 

are preceded with "±"; when they are associated with determinate errors^ they 
are preceded by their sign. , ' 

absoiute tem.perature. 

Temperature measured on a scale that sets absolute zero^ as zero. In the Sr 
system, the keivin scale is used to measu.re absolute temperature. 



absolLite zero. 



(0 K). 



The. temperature at which the volume of an ideal gas"** becomes zero; a 
theoretical coldest temperature that can be approached but never reached. 

Absolute zero is zero on the Kelvin scale, -273.1 5°C on the Celsius'^ scale and 
459.67°F on the Fahrenheit scale. 



absorbance. (A, D, E) optical density; extinction; decadic absorbance. 

A measure of the amount of light absorbe'*^ ^ oamni^i tko oKor^^Kor^^o M^ 

equals minus the base-IO log of the transmittance*^. 

absorption, ^"absorb; absorbent. Compare with adsorption*^ and sorption*^. 

1. Penetration of molecules into the bulk of a solid or liquid, forming either a 
solution or compound. Absorption can be a chemical process (a strong solution of 
NaOH absorbs CO2 from the air) or a physical process (palladium absorbs 
hydrogen gas). 2. Capture and transformation of energy by a substance; for 
example, copper looks reddish because it absorbs blue light. An absorbent 
captures another material and distributes it throughout; an adsorbent captures 
another material and distributes it on its surface only. 

absorption spectroscopy. Compare with absorption spectrum'*'. 

A technique for determining the concentration and structure of a substance by 
measuring the amound of electromagnetic radiation*^ the sample absorbs at 
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AgCI precipitate" negative, and dlchlorofluorescein anions remain in solution 
After the endpoint, the excess silver ions make the surface of the AgCI precipitate 
positive, and the dichlorofluorescein anions are adsorbed* onto their surface 
Adsorption changes the color of the indicator from yellow-green to pink. 



aeration. aerate 



Preparation of a saturated solution^ of air gases by either spraying the solution in 
air or by bubbling air through it. 

aerosol. Compare with colloid ' . 

!(?( 

A colloid * in which solid particles or liquid droplets are suspended in a gas 
Smoke IS an example of a solid aerosol; fog is an example of a liquid aerosol. 

agar. 

A gel made from seaweed used to make salt bridges'^. 

alanine. (A, CH3CH(NH2)COOH) Ala; alpha-aminoproplonic acid. 

A naturally occurring aliphatic*^ amino acid 'which is required for protein 
synthesis but is not essential in the diet. Beta-alanine (NH2CH2CH2COOH) also 
occurs naturally. 

alcohol. ^" (ROH) Compare with phenol and hydroxide^. 

An alcohol is an organic compound with a carbon bound to a hydroxyr qroun 
Examples are methanol, CH3OH: ethanol, CH3CH2OH; propanol. 

CH3CH2CH2OH. Compounds with -OH attached to an aromatic ring'^ are called 
phenols " rather than alcohols. 



aldehyde. (RCHO) ' ' 

An aldehyde is an organic compound with a carbon bound to a -(C=0)-H aroun 
Examples are formaldehyde (HCHO), acetaldehyde, CH^CHO, and 
benzaldehyde, CeHgCHO. 

aliphatic. Compare with aromatic"^. 

An organic compound that does not contain ring structures. 

aliquot. 

A sample of precisely determined amount taken from a materiai. 

II . '■=«f'- 
aikall metal. ^^-^^ (alkaline earth metai) aikaii metal element. 

The Group 1 elements, lithium (Li), sodium (Na), potassium (K), rubidium (Rb) 
cesium (Cs), and francium (Fr) react with cold water for form strongly alkaline ' 
hydroxide solutions, and are referred to as "alkali metals". Hydrogen is not ■ 
considered an alkali metai, despite its position on some periodic tables. 

alkaline. 

Having a pH*^ greater than 7. 

alkaline earth. 

An oxide of an alkaline earth metal", which produces an alkaline^ solution in 
reaction with. water. 
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aLqjn — aiiethrin 

algin (al-gin) (aKjin) sodium alginate, a purified carbohydrate (sodium mannuror • 
extracted from brown algae species and used as a stabilizing colloid in numerou' 
pharmaceuticals, cosmetics, and foods. 

alginate (ai-gi-nate) (arj[ibreve]-nlamacr]t) a salt of alginic acid, which is extrac 
manne kelp. Caicium, sodium, and ammonium alginates have been used as foar 
gauze for absorbable surgical dressings. Soluble alginates, such as sodium Dot£ 
and magnesium alginates, form a viscous sol which can be changed into a gel b\ 
chemical reaction with compounds such as calcium sulfate, a property which ma! 
useful as materials for taking dental imp ressions 



alginic acid (al-gin-ic ac-id) (al-jin^ic) [NF] a hydrophilic colloidal carbohydrate 
With, dilute alkali from species of brown seaweed of the class Phaeoohvceae- use 
tablet binder and emulsifying agent. ' ' 



=»'^; jiii-u-ic [Bigh + UiBSis] painfu! u 



nnation. 



a!gi(o)- (a!g!(o)-) [Gr. aJgos pain] a combining form denoting relationship to pair 

algiomotor (al-gio-mo-tor) (ar'je-o-mo^t[schwa]r) producing painful movements 
spasm. or dysperistalsis. 

algiomuscuiar (al-gio-mus-cu-lar) (al"je-o-mus'ku-l[schwa]r) algiomotor . 

algiovascular (al-gio-vas-cu-lar) (al"je-o-vas'ku-l[schwa]r) pertaining to vascul; 
resulting from painful stimulation. Called also afgovascular . 

alglucerase (al-giu-cer-ase) (al-gloo's[schwa]r-[amacr]s") a modified form of p- 
giucocerebrosidase, prepared from pooled human placental tissue, used to repla 
giucocerebrosidase (giucosylceramidase) in the treatment of type 1 Gaucher's di 
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aliphatic (al-i-phat-lc) (ai"[ibreve]-faf ik) [Gr. aleiphar, aleiphaios oil] pertaining ■ 
member of one of the major groups of organic compounds, those having a straiqi 
brancned chain structure. . ycxauaiy. 

allpogenic (aiipo-gen-ic) (a-lip"o-jen'ik) not lipogenic; not forming fat. 

alipotropic (allpo-trop-ic) (a-lip"o-trop'lk) having no influence on the metabolisi 

aliquot (al-i-quot) (al'[ibreve]-kwot) [L. "some, several"] the part of a number wh 
d,v,de ,t without a remainder; e.g.. 2 is an .aliquot of 6. By extension, any portion 
%^n,?r ^,".^"*^f relationship to a whole or to other portions of the same who 

to deS^P r ^ ""'rlT °' 'P'"'"^"'^- "-S- P'^^^^ or serum; a sample of a w° 
to detennine the quantitative composition of the whole. 

alisphenoid (ali-sphe-noid) (al-[ibreve]-sfe'noid) [ala + sphenoid] 1 . pertaining 

rXt7'l^ '^^'r'^- ^ ^=^^"^9" °^ ^he fetal chSndrocriniurS on eitSe, 
^e basisphenoid bone; later in development it forms most of the greater wing of • 
sphenoid bone. See also postsphennid^l part of-^nh^nnin hnna under part. 

niSrif v"^ ([schwa]-liz'[schwa]-rin) [Arabic a/a sara extract] a red crysta 
prepared synthetically or obtained from madder; its compounds are used as indie 

alizarin monosulfonate, alizarin red: see under red. 

alizarin No. 6, purpurin (def. 1 ). 

alizarin red, see under red. 

alizarin yellow, alizarin yellow g, see under yellow . 
fdLTl)""'^"''-''"'''" (a'-i-za'-i-no-pur-pu-rin) (allibrevej-zar-fibrevej-no-pur-pu-hi 

dlcrSTid hvd'^^"'^'"'"^ (al';k[schwa]-le'me-[schwa]) [alkalis -emia] increased f 
decreased hydrogen ion concentration of the blood. 

alkalescence (al-ka-les-cence) (ar'k[schwa]-les'[schwa]ns) slight or incipient al 

aikaiescent (al-ka-les-cent) (al"k[schwa]-les'[schwa]nt) having a tendency to al 

aikaii (ai-ka-ii) (al Kischwa]-li) [Arabic aZ-qa/Z/macriy potash] any of a class of coi 
wnich form soluble soaps with fatb/ acids, turn .red litmus hi..o h=x,o r.w v=i..^s - 
/.O ana rorm soluble carbonates. Essentially the hydroxides of cesium' li^hrum ~r 
rubidium, and sodium, they include also the carbonates of these metals and of a' 

Alkaligenes (Al-ka-lig-e-nes) (al"k[schwa]Mij'[schwa]-n[emacr]z) Alcaliaenes . 

alkaligenous (al-ka-lig-e-nous) (al"k[schwa]-lij'[schwa]-n[schwa]s) yielding an < 

alkalimeter (al-ka-lim-e-ter) (al"k[schwa]-lim'[schwa]-t[schwa]r) [alkali + -meter] 
instrument for measuring the alkali contained in any mixture. 

alkalimetry (al-ka-lim-e-try) (al"k[schwa]-lim'[schwa]-tre) the measurement of tl 
present in any substance. 
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One entry found for aliphatic. 



Main Entry: al-i*phaMc 
Pronunciation: "a-lS:- ■ fa-tik 
Function: adjective 



^iTo^^nl °°^ Stientific Vocabulary, from Greek cdeiphat-. aleipha 

)L m9 " ^niear;.perhaps aldn to Greek lipos fat - more at L£A^ 

compound havmg an open-chain structure 
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\&\ as a and u In abut 
\^\ as e in kitten 
\Str\as ur/er in further 
\a\ as a in ash 
\A\ Ss a in ace 
\a\ as o in mop . 
\au\ as ou in out 
\ch\ as ch in chin 



Pronunciation Symbols 
Click on the example word to hear it pronounced. 



\e\ as e in bet 
\B as ea in easy 
\g\ as g in go 
Vi\ as i in hit 
VR as i in jce 
\j\ as j in job 
\[ng]\ as ng in sing 
\0\ as o in go 



\o\ as aw in jaw 
\oi\ as oy in boy 
\th\ as th in thin 
\th\ as th in the 
\u\ as oo in loot 
\u\ as oo in foot 
\y\ as y in y_et 
\zh\ as si in vision 
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ADVERTISEMENT 



S ee the Top 10 Ask Jeeves results for "q uinnnp." 



4 entries found for quinone. 



qui-none ^ [?] Pronunciation Kpy (kw^-n^n', kw^n'^') 



.1?0NS0E£D L]D^^ ADVERTISEMENT 



\ 93% SatisfactioTi 
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Any of a class of aromatic compounds found widely in plants 
especiaUy the yellow crystalline form, CgH^O^, used in 
making dyes, tanning hides, and photography. 

FBuY it] 

|puxGe: The American Heritage® Dictionary, of the English Language 
fourth Edition & 5 > 

Copyright © 2000 by Houghton Mifflin Compaizy, 



Free College Monev! 
Find information on 
more than 600,000 
scholarships! 



quinone 

IZl auinone: log in for this definition of quinone and other entries in 
MerriGm-~Wehster Medical Dictionary, available only to 
Dictionarv\c6m- Premium members . 



Source: Merriam-Webster Medical Dictionary, © 2002 Merriam- 
Wehster, Inc, 



quinone 

^n^^IT''^' fQ^™^^ + ketone.] (Chem.) A crystaUine substance. 
^^^"^02 (caUed also benzoketone), first obtained by the oxidation of 
qumic acid and regarded as a double ketone; also, by extension, any 
one of the senes of which qumone proper is the type. [Written also 
chinone . kinone .l 
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quinone 

quinone : in CancerWEB's On-liae Medical Dictionary 



Source: On-line Medical Dictionary, © 1997-98 Academic Medical 
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Quinone (KWM-own) 

us.^yikf;:t^^:,^'^'^'^^^^^ ^^-^ of hydxogen replaced by two aton. of oxygen, 

SEE: Catecholamirift.':; and Redox 
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Disruption of the Er-2 kinase/Hsp90 Protein Complex-' 4 Pos.iN. ^r . ■ 
Inhibit Glioblastoma by Geldanamyci:,' ' ff]<' *° 



[J iiOMC\ 

% and WiJiiam N. Kair 



' *• - A„„. awy " ■ ^•«'™«"to«r. ne Conor „/,v,,, 



ABSTR.ACT 



blown as EF-2 kinase (1 1-131 ittt , ,.• , . 
r«ponse to elevation „ ii^crnj^; , ^^^""-^ 
inactivat^n of this trarsl ^n 7 (u'S " 
defined £F-2 kinas- as vn-ni f i ' ^^^^"O'-^l .^tudie.s 
va.ed =nzvn,e -"n atri» v ofnn mhogen-acti- 

Tne cloning and sequencins of EF-^ kir-'se l.H ^ ' ' ' 
that it represented a unioue'e^zvtie a;;it p '° "'^ 
bindins sire. EF-? kinase, fr.^ ? ' ^ ^'^"P' '^e AT? 

na.e. or to any rne-^er o^.?!,.: " P--" ic^ 



. Glioblastoma multiforme is the moct t,-^^*->,, * 
Eiong^aon factor-^ ffF-^) ^inte": rd'r^S^^ 
protein kinase that is o.er.pressed in g.ionia cell nj nd i. IT^l 

protein, and the interaction between Hsp90 and EF ft 

potentinhib^^ onTa ^it Ti^es ^ member oT^e^^k;™"""'^""" 

unique strucnirai feaai.es of £^2 kSase ol "er 
activity ,n inalignaacv and rMl i ^ with its increased 

target for anticancer LTfpiT ' " ^ "-el 

demonstrated that rott^erin an PF " '"^'^ ^' ^^S), 

«lls at the G,-S phase im^L; v TV ""'^'^'^ S""'"^ 

concentration (l-iQ nMUha^rer. ' ''"'^^ 

inhibition (IS). An isen« Sa ■ n ^'T"' '^-^ ^^^--'n- 
niar.edIy.decLsed TrcrotLr^Tt^ ^^"^ ^--^ 

■ lines. Therefore, identification of glioma eel) 

EF-2 kinase mav lea " n" tyo"rof " 

During the PuVication o/p^^tnLTpmr T''. 
to be tighdy associated with Hs"p9oT if f '"^^"^ 
Palmquist er ai pi) Hsom if ^.P^^^.^ously demonstrated fay 

rr.ai.Ling prope^^l^otSdL rd::bS~^^^^ 

ciass of dnia, the GAs v/a^ ^onnri ^- ^ ^' ^-^^"fJy^ a new 

Because the activity of EF-^kina^p n.n \ ai ■ 

glioblastoma and is chaperone-dt 5;co "'t' ^^^^^^^^^^ '"J^^" 
the GAs O" thi' 1»'>>M " "wnuned the enects of 

1^..... ,.,=h,nancy of tne central nervous system. 



— IC^o values of -13 hm in P fi cells andsF^^ 

.INTRODUCTION 

Ghoblastoma muldfonne is a hi°h]v re^i<;rinf 
^1, . ^ T ^"=-iijy resistant, lethal maiisnancv of 

the central nervous system th^t .-n^c i-^^"^. - ^ " "-''^^ 
cause of death from c'ancer in ad^ ^^td ctil^-^lTo ' 
with surgery-, radiation, and chemot^Sa;;^^;"^^^^!:^^^^^ 
disease and infrequently prolongs life 'f^r mo'e fhan v ^ 
Xiiererore, our laboratory .has been inves-c-^^:.^ , ; • 

don proteins as potential targets for drurd;:;^;" 
Activation of tyrosine kinases through receptor occupation or mu- 

■ Phospholipase C hv ^e epidermal lrZ:t;:^;S.;:'ZZZ 
two second messengers, diacyiglycerol and inositol 1.4.5 triphos- 
u. ^:=. wnereas tne lonr.er can pardcipare in mito2en-.-,rriyn,,H nm 
^em Kinase signaling, the latter activates cahBodulii-H.:::^::" 
ways tnrough the reie^ase of in-ace-!ii!ar calcium (6-97 " 

. of %'^TJ' 'Tt =^-°<^"I--'^-^P-=l-t phosphorylation 
. Of ^E, .vas tnarkedly increased in glioblastoma because of the 
increased activity of cahnodulin-dependent protein kinase 3 (10), also 

Ripeivcd' iO/6/00: acctpied 3/16/01 

IS VS.C. Sccicn 1734 3=,dy to Lt.^^i; Z ^ 
0.^727^"' ^•"'■'^^^ ^"-^ ^'-'"-t C.nc=r I„.,diu. (.MK) Grant 

LHii uobrrviation*; uxc--' 1--- T i 
2 S:ia..vc; I7./. AG H-- lM.. Al;lr- °".='"°" """^ =l°n-^=tion fac:«r 



math:rl\ls. and methods 

hui^f ceinS ^sG^HSir^^r D'"T"r" 

(neuroblastoma) were obt ined tr-fh 7 ^"^i SKNSH 

TJYl-R and T Y^-D eel ,L. 2 . "^"""^^ Collection. 

• -nsfection witH either anti:: ; J cO W EF^'- ^^"'^ 

ce« Un«. expressed either low or high o.ou ^of^P k I?""" '"^ 
relative to the parental litie T9SG .nM " ° ,r ^f™"='"' v:'.". 

with 200-.M./ml G. 8 C6 -d s'^rJ"",^ *--^= -PP>=.-n.ed 

DMEM. Cd. cultures w2 ^1 -wf ^'^""^^'^ -Ppl=n,=..ed 

CO, Cells it, bo ^numLdi.^ed incuktorat 37=0 wirn 

...-t.J w.h CA or 1 /-AAG as indicated in 'M fi--. i—n 



Drugs. GA 2n6 i 7AAG we.^ obtain'' „ Dru.- Svntresk . r' ■ 
Branch. Dtvelopmental T-.e'^re---. n- ■ ^"'^ Cnen-asc":/ 

ina Diagnosis of che Na-ical Cancr fns'^-m- .n -s. ''-«m=ni 

powdc. They ... sec. i. d.ic, .i; ^^i; l;;;^ 1 ^ 

in DWSO immedi^ljiy befcrs use. ' ' " «cons««ted 

. aoaooenic .4ssa.vs. CycoLoxicity of OA anj 17.A.AG ..■:.s ■< • 

. clonogemc assay. Four X iO= C5 cells or 5 x w- ro,r ,7 °y 
60... .... cua. dishes ai W \! ^if^e I f 

:hen exposed . va.-ous =oocen.aao„.s of :Z:t:Z^%:''' 

ofdr.,. After 7M0day3 Of 

.e.hy..e biue. Co.o.ies vJ... dia..eceroVr;:: X!:':!:^ ^""^^^ 
u.s.ng an e!ecu-onic counting pencil " 

KilL'eTifir/*" Detection of Ceil.lar 

5 mm. Ce. p:i.e. .e;: ho.^Vnfz'd ^ ir^^^^'^' ' ^ 
buffer [25 .T.viHFpPS (dF 7 -1 Inn r "'' '"-""'^ «°'^fO 

were thea cen.ifuged at ,5,000 ^^^7^^^- 
tration of tf.e supen,.taprs was de-^in.7 . " 
. •f-'^-ingaBio-Radpro^iral ;^itR:d"i^^^^ 

Twenty ofprotein fro. each -.^t^^Z^^^T' " 
Sample volumes were- adjusted wich m.vrn • " c ^ ' =''='""°"- 

15,000 X a at 4°C for 30 min Th. ' "^^^ csntnfuged ac 

to c^ch cn™-,i>=. ^ - ) - ^^'-'^'^cj'. oanta UrUi, CA) were added 

.^ch s...p.e. For rr-^ bnase prccipkntioa/ 4 ^1 of anti-P^-o J^^ 
serum (kindiy provided bv Dr 4 C N-.im tT i , " "^^^^^ 
Yor.. NY) was u.ed. l^n^uno^^^^^f^^'^'^ '^'"'''^^^ 

• was dseH . . .... - -mpics wun preimniune sera . 

-e- ^ . .^,^r rotating incubation at 4°C 9n 1 r 

wi^H^vS^r^r^^^^ 

• PMSF. Aft., rt,. , ' : T'^ = ^P^°""i° I 
Kampies «e eboned7or5 2;1tr^^^ 

were loaded b.to a 3% SdTpaGp o"""" ^' "•"'"'"^"'^ 

.-d then were in^^tl iHtTn^s^rS^ Tr^" -"^""^ 

|nc„oat,on w,:h the primary antibodies, membranes vv LlaLt pVs^ 

-nsnam-Life Science), and washed a^ain with PR^: t , . ^ 

mine the position of the orotelns of inr--.- p-nt»- 

-0 



Generation of g r^ii r - 
Kinase. pST.._R v^. . .-Z^-T""''"" Lev„s of£F.. 

ncuced ,e.e expression in n.;;;;.J.^!!;?^ '".-^i- >e:-cyc,ine: 



, ■ V, • ^"^'^ vector Sv^r— , a , = r--.wvncr5. 

kma.se cD^fA -.-as inserred into the n-^u^l^:^'^' " ""^"^^ 
ansisecse CAS; a.n.d se.n.se (S) 0:^:^;^'''' ''^^'^'^ ^' ^^T^R 

human giioca cells by lluoZ^-ir^^^ZS incroduced into isSG 
t-, Roc^viiie, ^0, T-^^factant;^ -"-icies. 
re.sisiant colonies were exo-H^H - . -'^'^ G^-tS. CdlR- 

-!ic extracts of each ^0^^^! folc- '"t C^'^' C-o- 

gation and wei-- analvzed for -> °^ ''°"=°S==ijaiion and centrifu- 

TJYI-R clone was found to "'^ ^'-O, The 

Tm-D clone- expressed hi^h leWs"°;' f " P-'^i"- The 

compared with that of TJYl-R " ' ' " ^^'^"^ ^^^'^'A and protein 

Treatment of Glioma Xeno-nftc 1- , . ^ 
arithtnic phase were re.,oved ;u , ""^ - 1".- 

washed and resascended in PBS . ' ■ '^■'.winization. the'n 

(1.6X ,07ICK),,^ere inject aitohS:^^ r ^^'^ 

-ce (..ale.. 5 .eelcs oid; Taconic, oZ^^::^^^ %}' r"") 
-=re measured daily with a Vernier caiioe f u 
mm) of the turgors were taken and used 'o cai?, I ^''^'^ ^"'^ - 

tumor volume reached 60 tt.m' th-tic!' ' '"e median 

tun>or volun,«. Within each pair' ^^™=^"'>- °f 'he 

I7-AAG or vehicle. .Anirnals revived ; • "'r- '° 

vehicle on days 2. 3. 4. 5, and 8, 9 i 'Vf w°p "-^■'^ '"^S) or 

Statistical Analysis Th, , • 

volumes ^etweent'^ J^^^^^^^^^^ ^ -pare tumor 

volume) on day 5 to dav 22 we" anflvZ '^"'^ ^"^^f'^or 

-Ode, w,th treatment and day as ^wnd T T ement 

correlation structure (29). '''^ autore2n:s.5ive 

RESULTS 

— -^--^ "n ^en- Lrrowth and Viabiiifv ; 
eoects o, a inct^batiot, with OA ar,d ,7 A TTT'' 
nicity or numan T9SG (slJoblastoma) n- V ^^°''°Ss- 
SKNSH (neuroblastoma) ce f GA C"' ("^^^-^'''^Wastoma) and 
SKNSH cell viabilityT/th IC v t \ 

'^Xsr:rz~7-^^;%5T^^^^ 

treated with BCNU a sTa'nXf. I """"''^ ^^^-^'^ °f ^6 ceils 
against C6 ceils was 5 u-m ^3000 

r-. "-^MM. J'-'^Ju-fold greater than the rr .-!.■= =• 

--•.-i. against tne same cell line °' 

« 'St'^,: SEF-'-tti°:Y:' ^""'"^ TO . 

'./',.«0. Cell ho™g„.,e, „„ coDeir 4°-£f I ' 

Tc^itis t'li fi J r-'"'" - - ">»^ 

tion time to avoid DrobU-*-^. in • . -'^'^ ^^^^t^a- 

dying population orc^^^ 1) S^.t'" I'''''' ^^'^^"^^ ""^'"^ ^ 
celis treated with G.^ for 24 h ^' osy^^^- ''''' 
70% after treafeenc with 1- 0 nn'c A n . IT "^'^ ^'^^""^ 

creased.EF-2 .yna..e-bv 40-50^0 t o': ''"f ^ '^-^'-^ 

^ ' ^^'0 {, .3. 2.4, riohi pone!). 



r--=CrS OF GA ON GL:03L=vST0VtA AND EP-Z KIN AS' 



, A 


^ P// 


■ T 











0 .DO] .01 



17-AAG(n.M) 




BC^fD tuM) 

..•„!::.n '^-A-^G-.^^. BCKL- on uS-i clonogeaic survival of dioma 

Q.,...:!,,. ;" . w^ • • w """'"""'"> ui'duUooiasioma (ijoov were culiurcd as 
Q-^--b£d m Mannas ana Methods." Cdl lines were sxDo.std for 4S h '-n v.rv;-, 
conc„„„ons of GA (A). H-AAG (B). and BQfU (Q. Cdls were then clil^d" n 

m.d,),lene blue and counted w.ta an ekciTon cot,n.ing pencil. Each point recresents the 
mean ct three deternimations from one of three similar experintent.; bars. = SE Comroit 
{vehicle-treated cells) usually contained 100-300 colonies. ' 



Effect Of GA and 17-.4AG on Hsp.90/EF-2 Kinase Interactions. 
Wt next earned out coimmunoprecipitation exoerimencs to investi- ' 
gate the effects of GA and 17-AAG on Hsp90/EF-2 kinase protein 
interactions. T9SG 'CFig. 3A) and C6 cells (Fig. 3S) were treated with 
10 nM GA, 40 nM 17-AAG, or vehicle (G.1% DMSO) for -24 h (the 
opun-.al conditions fo.r reducing the celltilar content of EP-2 .icirase as 
snown above). Cell lysates were incubated -^-ith anci-Hso90"rabbir 



b..ed .i. ^ti-HF.-^;;;pS:Sa;^.sr:- 

u ppeo and re.lotted anti-Hsp 90polycionai antibodv E 3 ? 
-.d 3, demonstrate t.hat aporcxin^ateiy equal amounts of H.Vooi'- 
.cm panels) ^vere precipitated under each condition. ^F^l^ ^:! 
(MPp.r panels) was coprecipitated with Hsp90 in vehicie-T;=;a c5 
;) out not with preimmane serum fdata not shown) -hi 
« the association of the Kinase wi^h Hsp90 . ^^S^ 
C6 e,!s. Treatment with GA (Lane 2) or 17-.AAG (Lar^ jw^" 

J:irtit?Hi?stttsrr^::^-r^^" 

overall EF-2 kinase .protein, we inves^Lf the -e^ of" 
■ incubatiot. titnes with' higher concentrations of dr ^1 " 
ments cells were incubated with 3 ^n, GA (Lane ^or 6 ^" {.f^C 

n ^98G or i *^ — of EF^ lunas^ 

in T98G or C6 c.eils was not signiilcandy changed under S ! 

We next determined whether antibodies to EF-2 kinase could 
|mmunopreapttate Hsp90 and whether GA disrupted the too 
In^unoprectpuat^on was perfonncd using an anLp-Z ^^^^l 

Table , Efr.c, .fCAs on A. clono,.nici. of ,11.^ 
neurossnic origin 
Cell lines, arown in tissue cjlturc. were ir-at-d with v-irvi... 
or vehicles, and clono-enic surviv:^ w./^! i ? ^ concencrauons of dmjis 
Methods/' Each value r^or enTc^l J.^ '"^"'^'^ "^^'^^^^-1'^ an^^ 

10% vananon between then^ ^ experiments having les. than 



Cell lin 



GA IC,o (hm) 



C6 

T98G 
SKIN'S H 
Daov 
TjY1-R 
TJY2-D 




17-AAG IC^o (HM) 



BCNUIC,, 



•13 = 1.8 
35 - 4.0 



5 ± 0.2 



GA (nM) 
5 10 20 




17-AAG (nM) 

10 20 40 . 



'-actm- 



T98Gcen 




C6 cell 



ng. 1 Hffect of G.As on the cor.tent or ti^-y- -;u>,i 
and C6 cells (B) we. .o.„ in cZ;^ ^ = ^S;; 



3 -fo'b • w'°'"' ^'■"■^'^ of 'lor.=tion f ''f^ t- 



il line: 
nd M, 
nates 
2-kir 



s. T9SG 
-thod;;," 



Cone, 
Time (h) 



DMSO 
24 



OA 1...-AAC 
10 rM 40 nM 



17-AaC- 

. 3 




Ksd90 ■ 



B 

EF-2 



Kinase 



Hsp90 



^^^^ "^^{^^^'^ ^^"^^^^9 

i 2 3-4 5 

TDSG 




Drug 
Cone. 



DMSO GA n-AAG DMSO Ga 17AAG 




|3-actin 



with 3 f^y. GA f£..„- V) or Tl n AFr fr 

Wts-.cn, L-amfer. d« membranes we ™ r.^ o^h^ T'"""?^"'^'''''^ 

=miibody, ihcn wore „ripoed and^rmf^. ^ . l^^^'" polyclonal 

in bikh concntracion and shocccr in "s™? --.^CT ^'^ " 

bloc is r=p.s=„ca«Ve of th«c .i^^ Cx^^rimtr^'. ' '"^'^ ^ ™d f„ 3 Each 



GA 
-Hsp90 — 

EF-2 _ 




T98G 



C6 



DMSO, for 3 ^^^^ 'wt ^^^=^1: a^ ^P^^rJ^'^'^ 
proiein-A bends as desc-ih-d -vr' , •- . ana-£.F-2 kinase riioDic cincLscaim and 

mcbran. J^^^^^t^ .^tSo 0 vdo '^^ 
rcprohed with anti-Pp."' Un-ss nnlv 1 ^ 7 P,"'>,'='o"iJ araiDody,.thcn was sffipocd and 



body and «1I lysates from T98G and Co were treated with either 
vehu: e or . GA ror 3 h (Fig. 4). Similar an^ounts of EF.2 kin s 

?..-ipu...u ^ah Er.2 kinase m vehicle controls y and J) but 

40 



mtnune.comp!e:c from G.A-treated r.-i 



^■^is absent in t; 
{Lap.iis 2 and 4), 

jn,ci of Ov.rexpras.ion of £7-2 Kinose on GA . •• • ' 
nex. determined whether the efiea of GA n ^'""^'^y' ''^''^ 

abrogated by overerore.ssine rc , . °" .^■"^'-^W-xicity could be 
cou,p.red the sensiti.-ity to GA ir, two cen iine - --ve 
levels or EF-Z kinase. TJYl-R ....d Try;" ir"!" ^'^ -'?^^'^^ '^i^i^rt.t 
after stable transfection of T9SG"-eli; I.i^T.;:" 

b-nase expression vectors T^T r^^, f "■"•''"•^^ ^-^"-^^ 

^^expres^onaaertransfectJoI^^il^^SSSl.^^ 
selected as a clone expressins hieh EF-^ k.-r..p ' / ^""^ '^'"-^ 

sense RNA. The Western bloc In n;„ % j '^^"='"^0" wich 

TJYJ-R cells. ^-"^ ^^-^Pared vvirh that of 

w.th the sense transfectan!; "al. not s twn^^ 

demonstrate that cells that oLxpSs L'-' ^"'^ ^ ■ 

sensitive to the cytotoxic effects of g\ flC 7' Tu '^'^ 

GAS remained a^v^ a?a£stTotn;°c:n V" "° 



A 



TJY2-D TJYl-R 




fryv,.o,or.„u.on.cfryy,.^l'rp .^^^^^ kiaa.«:;.: 

by Wcsttn, blot analwi.,. B. elTc't of 04 „ "-"J. ^^-tin were d^icci-d 

<ned,ylc=. blue. Colooie.s-wcrc ^ '"/O i-. ^nd by ..,™i„: 

d=.sc:,o=d in "Mac-aLs and Method; - ^^' -.^^h - oc.cil 

s-tniaiive ot i:vo .similar 4.xpi:ir:,ep..s: ic'r.,,"= SH •■■0- a ::pr:- 



5000 



E.-r=CTS OF CA ON- GUOBLASTOma AND E?-: KINASE 



4000 



^-5 3000 



1 2000-1 

5 i 

o ; 
1000-1 

} 




a 



12 
DAY 



15 



13 



22 



u.:mpcriioncal rout.' on dav. 2,^4 ' 8 MO 1 3'?? ^''^ 
volume of rh= right admais in .^reuc ia., -Ip '^,55*''°"""?^"'="'^ 
bctweti, the two creaimint groups werc'naasH-rnr; - n tumor voltam-s 
point, from day 5 to dav 22 " * « ="> 

(mtan 2: SE)]. ' ^ " 'o-Cturaor volume). 0.91 * 0..^3 

treatmeht began. Fig. 6 demonstrates the ability of 17 A4r • 

mncantly inhibit Lhe srowth of C6 aijoma "H^^^ L - , 

. ~ ^-loma, ine mean tumor vo um^c 

betwe^-n \ differences in tumor volumes 

oetween the two treatment srouDS were ctnrJctl^oM • 
(P < 0 0171 ai =11 r;™. • r statistically significant 

u.UU) at all ume pomts from day 5 to day 2^ fleast qn,,-,- 
means of ]og(tnn,pr volume), 0.91 ± 0.33 (mean - SB N - 
;cant weight loss, changes in activity or deat^er"; Tt^ 

penod of drug n-eatment. u^civea aunng 



DISCUSSION 

The need for jiew treatments for glioblastoma is hi-hliahted bv it. 
devastation to both children and adults Desoite thJr^r.n, I 
Jon of an oral alkylating agent, temozoloS pO- W 
been added to prospects for increasing ov^-all .■Z.tl'' 
this .disease. survival m patients with 

d^v^'ioZr =i^-P«^-oning represents a novel aoproa.. ro 

t rZir r-'^"^"^,,^""^^'"-^"-™ P-^^-s 'indue d [n 
the growth of malignant cells associate with Hsp90 (22. 33) -Ini^rfer 

cSn^'h ni^^ °' ""^ '^^^^ .-0- 

"^s far^" r^."''" malignancies. Tne mark^edl it 

c-=as.d acuvity of this enzyme in glioblastoma muhiforme (17) and 

cell lines or neurogenic origin and found these driic-s to be 

inc^adi /tS2 .;f^i'"r°M'^ clonogenicity of several cell lines 
SKn'sh C6 ghoolastoma. Daoy medulioblastoma, and 
,°r'°°'"'°'"^ ^^^'^ 1 li"^ 'he IC,„ values obtained 

S: i;^S '° ''■^ ^ ^° ^ C6 cells ■ 

C. - IS ..00 t>.:r,e. ^ore potent ch.n 3QVU, a standard chemother^ov 



P-ein interactions (25:26! 

mniouor of clonogenicity in'ToSG and C6~c=m: ^1 ^i"^ P°'"-t 

disruption of Ksp90 chaperonin. we carried o,-^ 
•ments to rneasura both the r' out a series ofexoer- 
^y-. These studies revt? a - 
-cen.ation of drug re.ui.d IS p:^^. ^^'^^^ 
t=racticns-and effects on clonooenic su-viv~i p 
24 h incubation of T9SG celis^vi r m c ° .r^"^'^' "'"^ ^ 
decrease in EF-2 kinase (Fie 9^) which cn 1 ' " ' ^"'^^^ 
of 3 n.M obtained by clo o.-eniTiray ap! 

dmg for 48 h (Fig. 1; Table 1 w! 4 "hr'""" ""^ ^° 
period to evaluate the effect of druc x' s. . o'""'' 
'■on to avoid the pitfalls of stud>i;:Te e^-^.^'r/'"^''" 
population in which one-half the c=. s°wS T T ^ ^'""^ ^ 
lariy. we found a 70% decreas in EF 7 1 " °' ^i™- 
for 24 h to 10 n.M GA. whi^rc^r^e'^r^r^hV^C ' 

ijic iujqS in clonoeenic assav? F^r n = 
!0-foldgreaterchan those of GA wl I ^^'^^ 5- to 

potency of this deriv ti ve ° .^oHu! '° ^^^^^^^^^ 

Interference with tSe ch -if ? °' (^i^- 2.4) 

be detrimental Tl^:£^^Ztct:- "^'^'^ 
EF-2 kinase to Hsp90 as measu ^hT' "^'^ ^'""i'^^ °f 

3 and 4). ^.e diLp ofo "hfs mt"""""°^""^''="^°" ^^^^^ 
decreased EF-2 kinas^e pro::i:'corn™° '^T' ^'"^ 
demonstrated that the serine/thrpo ■ , " 
destabilized on addition of GriTich^ r T' "^'^'-^ 
molecular comple. (38). Tlie'dirat . T'oVEptt^^^^^^ ■ 
glioma cells treated with GA iJK.jv c- '^ k . 

These d=.'= 2~ . r *is mechanism 

GAS disn^t th;;;:!::;":.!"'. --^-sm by Which 

targeted de^adati n^BS p"" """'^^ ^^^-^ ^"^-^^ to 

investigating the mechanism b^ ST^t^f^ "-^^ ''^ ^-V 
degraded. Published reports (45 4^ ^ ^ P^°'^'" 
i-argeting proteins fo^p.:ro:;rd^^^^^^^^^ 

fo-tion (45. 5;).-rat:it' :rr^':;i°r""' 

P 85 with paclita.xel and 17.AAG sh^w^d C ^JLI^^I.^^SA' 

1/-AAG also desrabilizes mnr.„j r r ,^--;—----.v (d^). 

undemand the imnnrr.n- " ^ '^^"^^^^^^-^ ^ 

^ , vv. uansrec.ed parental T9SG ce"s wi-^ pI-k 

pression of -an'ti^rs X"""/"^" ^^P"'^'^- overe.x- 

kinase (Fig. 5. rldu^ed t'e viatlitfar" \" ^^"^^ 

transfected Clones (53). None:;:;:^ rr»-r ' 
sensitivity by choosing our most robust ant ns- c one "o 'th ' 
expenments and compared this with . o 

• the same round of tL^fec i °'T' '""'"^ ' 

exposure time (24 h) to tneastire e feas o '?.! ' 
repeatedly found the antisense clone oT 1 

(Fig. 55). This result is consis ent ; tn E? '° ' 

consent and drug sensitivity (Fig. 5, A and ^^^Itl^C 

--o!. cincisense clones, -a- c^-.o- 

•'.;14 Qtjr r-^ 



are indirec . /ects rtsuking from 



Clonal 



-0. H2iL W. N'.. War 
ki.iase: immunoic 
L=tc.. J97: 55-60,' 
Paimc 



possibilicy Lh-di ihtsc 
seiecrion. 

Numerous drues kni rnnr^- ^..n- ■ 
retain ac.ivi.. in" .n ina t.;:- - "v" ^^"^'-^ 
xe.02raftede6aKo,;?^:,;-^^'."- ^^--AG again., 

after r da-'s oi:^f ~''''^''^'-'^''^'^^'^'^^'i^^^^d 
^eno^r^^fh^ l'^ ^'Smx^candy inhibit the growd> of J 

or anncancsr drug that have potent a-tiv.-v^ ' ' 

other .aiignant cell lines ofC^J^^^T^r 
nipt the interaction of ^= o • =:"'- compounds dis- 
t.On of t^hts unique ~ t::; y";:ir^' ''■^^f '"^"S desf-uc- 
pachw., of Signal .^-i^duct; " °' "i-odulIn-n,ediated 



rnii. FHSS 



Buchnir./ Hs^oo • • ' - -^-^ c^ir.. j.y. 



,cw.~;;^-^ --^^ '^^^P^..^ J r 



REFERENCES 



6. 
7. 



19. 



1. Prados, M' D.. snii Livin, V Bioioi^ d • 

Oncol, 27: 1-10. 2000. ' ' " Sy ana ireaEncnt of maiignant glioma. Ssniin 

3. Erau-and. A. J.. Laneo. N'.. Hami'd M T nf ?' f 2350-2356. 2000. 

Jaa,«, C. D. FunccTonaJ cA^^t :^ ^- ^i". CoUia.. V. P and 

.«i.~dlular domain «pr««d b -'HM^,?''" f ^''h a trancatsd 

.Onco»=o=. P.- 2513-2320, 1994 ^^.^ aoiDliiication 

■l. Libemiann, T. A.. Nusbau-Ti H R Rn,„ -.t ^ ■ 

e.-.pc«sica,andpos.,ibIer=ana.,.en,:„t"fJi'^'"'"^^^^ -f- -^.olificadon. =nhar.«d 
tumours of glial origin. Natiir= O-Ood 1 37 ? ''""'^ ""^^ brain 

Mald.„, L. T.. Novak. U.. Kavc A H If p 

CI d>= cytopla.r.ic domain of Ih= .-pide;^.^ ^-Plir-otion 
toma raaldfonn=. Cancer ^viy!,,?^^,,^^""'' S^"' » gliobias- 

Berrid^c, .Vt J. Inositol liaids and c'-ll nmlT ■ \ 

33-45, 19S7. ■ P."'''f=^>'On. Biochiat Biophys. Afla, 507- 

Str:b. R. Irvine. R.' F.. B=:rid»= M J n„H • , r 

nannutcc.hond.na. in™d!ular store in ooTcladc "^"'n''^ » 

mspoosphatt Nature (Lood.J. JOd- 67-69 igs- i'«»i'ol-l-4.5. 
Joseph. S. K, Wiiliaras. R. J.. Coricey B J t 

J. R. Tic effect of inositol tri;pho*2-,5,5c^'ii^f ""-^ ""ii-nson. 

"lis. J. Biol. Chein.. 2J9: 1295^-f^9ii ,0, , "Ettiin-secreting mmo- 

Joseph. S. K.. Thotaas. .A. P.. Wiiii;^ o , 'r - o 

■nyo-tno.™oi 1.4j-trisphosDhate A s^^d n,-'; ^^'^ "^'^^-^^son. J. R. - 

ot intracellaiar Ca- in liver. J. Chi 5^^^^^^ ""^""^ -obilizatioa 

Bagaglio, D. M Chen- c u r - . ^"^ '-3081. 1984. 

N. Pbcphor^laticn o'fdo";, ■c't;/^ ^- ^- A. C. and Rait, 

.Cancer Res.. S}: 2260-2264. 1993 " '^'^ ■"^'ignant rat glial cells. 

Nairn, A. C. Bhagat. B, and Palfrey H C M- -f- • 

protein kinase UI and its major .W. l()0.O0O .Z^""" =^'™''"'="-<'=?=ndcnt 
Natl. .i.cad. Scl. USA. 82: 7939-7943 905 rr.a.TO:auun dia.-aes. rroc. 

Naim...A. C. and Paifrev H C Iri-nf-r ■ 

"toodulia-dependen. p'r^tein kinale m iT™ °' 100,000 sabs..-ate for 

J- BioL Cncn,.. 2o-2.- 17299-173Sri9S7 ^^"'^ ^ elongation f=ctor-2. 

. ilyazanov. A. G., Ward. M D ^ ^ ' - 

W-tedraann, M.. Erfjiament-Brotiau Te I^'T' °°™'kov. .M. V, 

G=nnino. F. J., and Hait. W ^ X^ni f- P-™=^. T. C. Prostko, C. R. 

Koresented by euka.-ycf'.- -i 1-:"-! 'r:~:''T°" °' '^i^s of protein .kiniscs 

4SS4 -4339. 1997. ' ' Acad. Sci. Qs..^ p,-. 

j^^^^d. C G. Peptide-chain elongadoa in eukaryo.es. MoL BioL Rep.. J9: 161-170. 

rabbit rc^dcdo^^t^dongation ^^aor:TlTn^^^^^^^^ ^'^""^^ pho.phcry- 

Bagaglio. D. M., and Hait, W N 'roIp nf " • 

UotlTsio^ 2 in the proHrera.on ^T^^rS:"^.^^" f 

■ -vily^- 5,^^-^^^^^^ H.. Kearne.. X. ... and Hait. 

^^™.e in Elongation factor 2-.;4, .^;Z^■:a.:f "afcli:"^^^^^^^^ 
Parraer. T. G., Ward. M. D and H-.it W v c- 

c=ln:odulin-depend=nt-Drote:n kinase at 1 c-U , '""''i^"'' 
^.vcle distribution in tnilignan.'! "4^1 ™ Heratioa. viability, and cell 

P-'0.siko, C. R.. Zhang. C. =.,d HiH- v Th. . °" '99'- 
"prcvsion on the growth and vl^oiivv ot rV'lr''^ °' ° ^^^^^^ 
'3-17. 1997. . ■ ■ ' '-° S-'obii'^m-a ce!!..;. Oncol. Res., p.. 



9. 
10. 
11. 



S-ui=e.T. W., and .Ve-.ke- T t -1'™""^*' 3S06-38r2, 1905 - ' 
''f:^''y^^''^-^y^ino^6.[oF^^'^''"°"' an.u,^y:-in !7.ai!v..,ai„o n 

9J: mo- 1 i 999 '"''"^ ^'""'^'^ 50- J. N.d. Can-^r in . t"^':^''^''- 



30. Prados. M. D Futur- dir- ■ 

;r^-^t%°,-"\^ --i^nantgliomas .i. te.0.0. 

'"■ar retention and degradation of p de^,f ''^'^^'^ D- In.raccl 
~™diatedbyhea.,._---^^.^^^ 

36. Lewis, f., E)<.vin. A Miller 4 f v 
Disruption of H^oq i^„,r^ '\,Z'J',: ^°^'''f='- ^- ^^'=0^. L.. a„d Liu 2 r' 
^cepcor iatc^cting proteir, fRI^Tind 0, do.aL We' 

37. trr^""- ^- °: --f if.^--indu:: 

3.1^~ i^SsSS3^s^^^;^ 

Prolongation of survival for hi^h-^ad-' , r °- P^'^Jw 

-^u. mjiiips, G. L, Wolff 5 -. . - 

i^-.. M^..ey, ..-S;:;;: ^ ; otn; "g r' ' ^'^^-v. M s 

A., and Strike T A p..., ^'^-"i^- G., Ransohoff, J \Vii,„„ r u ^ ^* ' 

juij^c, I . A. evaluation of BCN'T r nn^/« ■ ""^on. C. B., Gchsn 
c. anaplasfc gliomas. A cooperative cLtn:^ar ^ 

42 Walker, M. D. Gre-a S B R " ^^ ' ' ' 

-^ Ochd. H. J., Schulte. T.- W.. ^suy., ^ T;.;^"f ' ^^'J-' t32:>-. 329. [9:^0 

none an.sairvcin t>-ld-iPnr-,v,^- ■ ' ^^"^ Neck-s f Th. ^ ' 



none an.sairvcin f-ld.iPnr-,v,Z- " ^ N'eck 

, ■-■an^-er agent: its .-T-ol.cular r'ar::. ,„^ v"''= -^^ '^"'■'^''■^^yc'n a a pets.,:-! -rt^ 



Brr-CTS QF GA av GLJOQL.^: 



45. iVnnir.aueh. E. G.. Chuvanv. C. and Ne-k-^ 1 

deg-ciiition 01 Eh;DiS5c-erbB-2 -t-rc'-ro'^" - ^^d protcusom.i 

mycin. J. Siol. Chim.. 27/- ^-ToaJ'^SfM •0^'^'°^'''" ^""^"^^^ 

of involve Che pr^cc^anie. Biochc-r 3=^';'^^'?'^"''''' ^^cahui.ation 

iessomt: in v.Vn. Oncosc.-.s, J4- 2S0O -si^ '4- • oy ihc oro- 

4S. )Ch.n. 3, M.. Olive:, 'r. k.. D=ur7;„b;c:;. L v'^nd Y-h ' D " • - 



51 



plc«s or reducing ihc specific c-v-.r- - - ^ - 

4013-4020. • ^"^^''-'^'^ ^^''^''^^ ^:^^^ki:.a... j. 3;,, ^u.^ 

^ R^s.. 272^-2750. 105. " ^^-'^^^ ?^^^ ^'V ..r^zaqumoid an.arr^vc^p; 
Nguyen. D. M., Q-ep A V^ron . • ^ . 



40! 5 




0145-2126(94)0009^-3 



•-^1- l-'^. No. IK pp. S67-S75. looj 
Hisc-.-icr Scienco L:d 



/^' wo ANTITUMOR ACTIVITY OFHFR^mvorx^ / 

KINASE INHIBITOR TARPirTin . n .^x c^ i"^ ^^^^^^ ^' ^ TYROSLNE 

i he Third Department of Internal Medicine- ^The Semnri n. 
bnzvers.:y School of Medicine. Sapporo 060. Ip^J and "xt nr''""'"' °' ^^olo^, Hokkaido 
Nationafrnstitute of S Sioactive Molecules, 

( 7 M„rd, 1994. 7^^^^ 

S2Si:%'rtrpe Si pSv"^^?Sn:;t^.":r6rr r^'^'"'^' ^-^'^^-n to reverse t^e 
^rosine kinase. We previously de'"on /aT^cJt he^^^ °^ f^^^^^^n 

on the m vitro grov^th of Philadelphia chromosor^P nnT>? f d'splayed antitumor activity 
transfected murine hematopoietic FDC-S cT/thT^K^^^^^^^ — 
tyrosine kinase.. In this stud?, the transformed FDC p'A^ 

ngenic in svno-nplr- hra/o 1:„ ^^ansrormed. FDC-P2 cells were demonstrated to be tum'o- 



oncogsnic phenot^/pe of osP- tr. ' ""^r-^"'" 3"^'^'°^!^, has 
tyrosine kinL. W^^p^^iOuTly de^n^Jr^^.^^^^^^^^ 

grov^th of Philadelphia chromosnr^P noT>? f d splayed antitumor activity 
transfected murine hematopoietic FDC-S crs thTo?a.^'^^^^^ ^^"^ ^CR/ABL- 

tyrosine kinase.. In this study, the transformed FDC P All w h'''°" °' ^^^^/^BL protein 
ngen.c m syngeneic DBA/2 mice. The iritraDeriton^pl n demonstrated to be tumo- 

ce Is ,nto DBA/2 mice induced infiltrations of aK ^ Po transformed tumor 

within t,me periods proportional to the cell numbeTs o inor ^'t'"'^ ^'^^ died 

..p. inoculation v.ith greater than 1 x 1 0^ cells X IhI ' f ^'^^ ^^^^ ^Bze\^^6 an 

mjection inhibited tumor formation and sS canr orolo °^ herbimycin A by i.p 
mice inoculated with 1X10* cells herbir^vdn A nm P;°'°"9^d ^^^'^al time, and fuither in 
transformant mC-P2cells and brou hfabou ' a co-f^^^^^^^^ ^'^"^^^^^ of 

the W.0 emcacy of herbimycin A in mice bearin'JIc^v'slTan'sferd^^^^^^^ 

--^^^ tyrosine kinase, tyrosine kinase 



■ Introduction 

The bcr/abl oncogene is the product of the Phila- 
delphia chromosome (Ph'); resulting from the 
reciprocal translocation between chromosomes 9 aiid 
22 w.nich are found in Ph '-positive leukemias which 
mainly constitutes more than 90% of chronic myelo- 
genous leukemia (CML) and approximately 20% of 
adult acute lymphocytic' leukemia (ALL) [1-51. The 

6c;/ai/ genes, P210*^':-'" and F19>-''--*' exhibii the 
deregulated tyrosine kinase activity of ABL and 
oncogenic activity in vitro and in ui'uo [6-9]. ■ 

Recent progress i-n the study of the -bcr/abl acne 
and Its product in Ph '-positive leukemia offers an 
opportunity for developing' several strategies for 
specific therapy targeted aeainst BCR/ABL [10-1^1 
He_rbimycm A., an mhibitor of protein tyrosine kinase 
li^iK) that we isolated on the basis of its ability to 



cause rat kidney cells transformed by v-.rc to reverr 
0 normal morphology with a loss of PTK activity of 

displav a relatively selective antitumor activity for 
. nsformed cells by oncogenes coding PTK[16]. In 
fac. we demonstrated that herbimycin A displived 
a H.eicrentiai antitumor activity on the in uitrn 
growth of Ph'-pos.tive ceils by reducing BCR/^m 

rii^ ilil. In oraer tn A^r^r-T\'-=- ■ ' 

, . . -. - ---wi.niiiv., WnBuicr or not 

heiDimvcm A m£iv ^ff=^ ,„„... .1..^^ 
for Ph'-Do.---- r—'^"^'-' ^^'^i^apeutic potential 
to ..h pos.uvc icukemia. we have mvesti^ated the 
antuumor activity oi in vioo administration^of herbi- 
mvcin A in synoeneic HRa/-) rr,v • , , 
RPR/ART ^ = "^"^ UBA/2 mice inoculated with 
FDC P^ °"^°P™'^i'^-^^^nsformed . murine 

FDC-P2 cells. Here, we report the in oioo efficacy 
or herbimycm A on mice- bearing BCR/ABL onco- 
protem-associated tumors. 
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Materials and .Methods 



Mi 



urine ncnwiopoietlc cell Ihwi 



the murine [L-3 deos 



FDC-P2 



used .7 



penaenc hematopoieiic celi lin^ 
t;iis s;udy. .As conc-ol csll.s, PS 15 



868 
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mastcyton^a cell !ine. and P38S, lyi^.phoma ce'i line, were 

oncoprotein [3] for 16 h in serum-free oJti-MFM fGibco^ 
m tne presence of recombinant murine IL^3 (fmlL 3) wS 

RPVri }f^1r> A "Us were selected in a 

i ^^"^^ (G418 sulfate; Gibco) wer^ 

added m the presence of rjnIL-3 for 10 days and w4i hen 
• further selected in a medi.m lacking i^^-i ToTiL 3 
independent erowth. In the abs=nr= nf nnir t , 
or mock pZIPNeoS V(X)-t;a.:stS ^DC-P^X d'S 

lacl^rmn 3 A°l'°'' ^r""""""^'-^' ' "^^dium which 

and the P21o4.r,t:;SSn '''''' ''^^^ "^^^^ 
In vitro growth testing for herbimydn A 

The assay of cellular proliferation was carried out bv 
using the colorimeric MTT method. The cell ?2 x lOV 

for S.- H ^9'°''' herbimycin A, and cultured 

tric"Tokl° V "T'^^ -^'^^^ (Co7on El " 

W,jtern bloning and immune complex kinase assay of BCRf 

TransfoiT-ant FDC-P2 cells were cultured fori6 h ^h» 
cell vhh-r-' '"'-r °f °-2.-s/m! of harbimycin A." wh;;e' 

^uh K, ^''^^ P"''"« °f and phosphatase 

nhib.tois.. as previously described by Lon^o [181 Tte 
lysaj was clarified by centrifugation at 4T;and t u^of 
proteins >n the supernatant were separated b; SDsTpAGE 

we;. ^1""^/°"^'"°"' ^^^"^^^ dithiothreitol). Protein^ 
were blotted onto a polyvinylidene dinuoride M m po " 
membrane. The BCR/ABL oncoprotein was ideSed 
using a monoclonal anti-ABL -roiei-, /' 
Science. Mineoia. N^") ^ " Oncogene 

us-5V"'"!J^-^'°"'f?'°^ ^'"^'^ ^^"y ^■'^s "'earned out bv 
a/HQ '-"l^^f °f that d.escribed by Kurzrock e7 

washed w rh H K '""l ""^'^^ ^ ^'^^^ harvested ' 
Ws^Slt 4=r saline (PBS), and then 

i)sed at 4 C by somcation m 50 m.M Tris-HCl dH7 S 

solur.'T-'^''^?- 1% TriSn'SS ; 

u.:)/^ sodium deoxycholate, 1 mM PMSF. The dilufed 

t 'X''(o''' ■ --^^'onal'^nUboS 

temne atu^^.n; ^°""°Sene Science), for 1 h at room 
c.mperatu.._dnd was incubated overnight at4'C. Immune 
complexes with ant,-ABL antibodv were preciDitatedwi?h 
mouse anti-IgO antibody-coated protemT ? m/d l1 
o.a.ones. San Francisco. C.A), and immunoprecipira^s 



were then reacted with 5 uCi of ( v - ^^P) at= fnr ^ n • 
on ice. Next, immune comoiexes we- an5v-=; 

S gels. 'folioieZ-b/^SSlS 

»*.i.n an !i.iens!r>-ing screen. ^a-'-r'"/ 

Animals 

Seven-week-oid female DBA/? n^ic- wpr= r . 
Oriental Kobo Co. Ltd (To.kyo;' Japan) ^' "^ 

Examination of tumor ceils and tissues 
from tissues 1^^:^ 

enzyrnes, electrophoresed throash 0 tf J L's " V'f h" 
Chen transferred to nvlon membranerV^fh k"-^ ' ^"'^ 
-.rh a human 3'-i.c. genomi^DN^ o/obe r^^^^^^ 
Science) was carried out bv ^L me4od ? ^S'"' 
descnbed [21], • me.hod previously 

■ ^^ministration ofherbimydn A 

bimycin A vjL T .^anous concentrations of her^ 

Expression of results 
Unless otherwise indicated, mean values ^ on^ 9 n ^ 

Results 

■ ATiLT^Swi': °' -"""yen 

nmo u °ncoprotein-associated =ufon- 

omous growth of FDC.-P2 cells transformed by a 
ransrection of the bcr/abi gene. Herb^vcin'A 
showea no significant ;nhibiM--" -f , - 
parental Fnr P7 n n . ^'^ growin of 
parental rDC-P2 cells in the presence of the culture 
supernatant of WEHI cells containing rrJl's but 
cuo aispiay a. inhibitory effect on the grow;^':^ 
t..u.ionnant FDC-P2 cells at doses showin. no tox' ' 
.cry on murine P815 cells and P388 cells (Fig. i) 

Effect ofherbimydn A on BCR/ABL oncoprotein 
and tyrosine kinase ^ricoprotein 



Ve previously reported that the antitumor activity 
of hexbimvan A on Ph>-positive leukemia cells seeml' 

BCR/AbTptk"^ °" the-activi^o 

tiLr</ABL PTK m spue of havina no effect on the 

expression of BCR/ABL oncoprotein [izj. S mi a W 
the immune complex kinase assay of BCR/Am' 
revealed that herbimycin A dramalLlly f^^pp/fed 



0.3 -; 




Antirumor activi-y of herbiravcin A 
A 



1 10 

Concsntration of herbimycin A lug/m]) 

Fig. 1. Effects of herbimycin A on the in vhro orowth of 
parental FDC-P2 cells. BCR/ABL:transfecte/FDC-P7 
cells and syngeneic murine hematopoietic malisnant cells' 
huects of herbimycin A on rL-3-dependent~i^rowth of ■ 
parental FDC-P2 cells in the presence o'f the culture^^e" 
na ant obtained trom WEHI cells and autonomous erowth 
of transformant FDC-P2 cells-by a transfection with'BCR/ 
ABL vvere assayed by MTT proliferation assay after cul- 
unng for 72 h. In PS15 and P3SS cells. N-ITT proliferation 
assay was earned out after the 72 h and 5 day cultures 
respectively. The grovnh of P815 cells and P38S cells was 
not significantly mhibited at low doses of herbimycin A 

Sc pi :'ln^^'^^°%^l:''T =="°^* °^ transformant 
roC-P2 cells m the 72 h and 5 day cultures. The results of 
0 Qay cultures of PS15 and P388 cells are shown 



the autophosphoi^/Iation activity of P7io*^'/''°'' tyro- 
sine kinasein BCR/ABL-transformed FDC-P2 cells 
wtiile It did not affect the amount of BCR/ABL 
oncoprotein (Fig. 2). 

Mice bearing tiimor cells transfected with BCPJ,.\BL 
Transformant FDC-P2 cells were transplantable 
by either i.p. or i.v. injection into syngeneic DBA/ 
2 mice, whereas parental FDC-P2 cells were not 
traiisplanted. Mice inoculated with transformant 
1-DC-P2- cells by i.p: injections exhibited a gradual 
increase of abdominal tumors and died within 5^1 1' 
weeks post-inoculation. Postmortem examinations 
revealed thai tumor cells forired m^cj^s 
aDGominal walls and infllrrnf^-w -rnp^niv i-^n 
2.n.- retroperitoneal lymph nodes (Fig. 3(A)) The ' 
invasions were observed in the liver, spleen, pancreas 
and peritoneum (Fig. 3(A)), but were not noted in 
other organs mcluding the liin2s and kidneys The 
presence of the hajabl gene in tumors was confirmed 
by Southern blot analysis with a human bcr probe 
(Fig. 3(B)). . '■^ • 

In vivo efpxacy of herbimycin A in mice bearing BCR/ 
ABL oncoprotein-assQcicaed tumors 
'The study regarding determination of lethal dose 
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Herbi'rnycin A 
nil 0.2i'g/ma 



Western blottinc 



P210 




. P210 




protein, transformant FDC-P9 cells we e cn^(r^5^ 
in the presence or absence of~0 ' S oftrbtvK 1" 
and then cellular protein was isolated. T.l y'^ X'ans 
of protein- were subjected to western blotS^? sfS 
FDc"pTcH,r"P'^^ '"'"^^^ -^'^y (fCKAs), trans orrnan 

Ihe resuuiug immune complexes were analyzed for their 
autophosphorylation activities. 

in DB A/2 mice has revealed that LD,o of a sinc^le i p 
injection of herbimycin A is appro.-cimately 20 ma/ka 
body weight. The intraperitoneal injection of'hert 
bimycm daily for 5 days at less than 2.0mc/ka bodv 
weignt was well tolerated with no obvious to^.cit; 
A rnarkeo reduction in subsequent tumor formation 
and a prolongation in the survival rates were evident 
Oi!O.V;ng heroimycm treatment at doses' of 10- 
^.Umg/kg Dody weight in mice inoculated with 
greater than 1 x 10-^ of transformant cells (Fia 4(A)1 
Furtliermore the i.p. administration with herbimycin 
A at2.0mg/kg body weight completely protected 
against tumor formation and brousht about cures in 
all mice inoculated with 1 x 10^ cells, whereas the 
I.p. administration at l.0mg/k2 protected against 
tumor formation in two out of five mice (Fia dfBll 
In contrast, PSl5 cells and P3S8 cells. Ufch were 
not sensitive to herbimycin A oitro. .^ere trans- 
plantaole into syngeneic DBa/2 mice, ^nd all mic- 
inoculated i.p. with amounts of crearer than 1 x 10^ 
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^S^wp ^v^^^^ 



4.4- 



'^fc" -^B 




2.3- 



rer^eriS^f virnrrS ° '--'P^ Hver. .Micrograph of the 

evident (HE. xl^of. ^UcrJi.^!^ e'r^^-'^T" f "'^'^ P^^"'"^^' -^'^i 
duct; A, hepatic artery: H. normal h.o.u>cn.si^^^L:^lS^^ P<^"^' (HE X200). B, bile 

molecular weight DNAs isokued m.m (,.,u=.s uvr. j' ie^^^^ 
M-Dcr genomic DNA prohe. Lane ! 

hu mar 



lanc 



cpau)cyrcs. (bj bs?uthern h!orana!v>i< revealed cho nrcsenc^ of the h7Xh7lZ'. xj I 
-ir^r^/S;^^-^' 7^'^ ^^"'^H' s.h,ected^tS; sSS; n'S- sSy 

n!-"--ir-. nv \ ^r^nu- - 7^^- ^- ceils, lane J Jymph nodes; lan£ 

pu.,.nta UNA. .M.<nv> ,iKl,c:>re fhe signals d^^rived from /?c/^6/ gene. 
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Days fider lumor inocglalion 

"^^^^^P^^tic efeects of herfaimycin A on DBV"' 
mice inoculated with BCP/APr f., - ■T^'^^ 
cells FiveDRA/^V, ^'-V'^BL-transrormed FDC-P2 

groups s--' 

-^s....xd..c, p < o.uOl ^^otuaent s f-test). 



cells died within 12 weeks. la this case, herbimycin 
- admmistration had no effect on their survival rates. 



Discussion 

. V^'^- f dernoEstrated to be associ- 

a.ed With stimulatory effects of many growth' factors 
and with transformmg oncogenes such as src abl 
ros, fps, yes, and fes. These findinss indicate thai 
a vanety of PTK may play a critical role in the 
proliferation and differentiation of cells [2^] as well 
as in some malignant transformations of cells, where 
Ph -positive leukemia is representative in human 
•mahgnancies. Unto now, several tyrosine kinase 
inhibitors including genistein, erbstain and lav- 
endustin W beea developed on the basis of inhi- 
bition of EGF-associated tyrosine kinase. In contrast 
to tnese inhibitors of receptor-type tyrosine kinase 



S7| 

herbimycin A, which was isolated fr-^ , 
nitrate of 5«pfo;^7vce5SD.■^^H^37 r^ o "^''^''-^ 
. of causing a reversion of thl -^50^^:^^:^'^ 
coma virus-infected rat kidnev cell to nor^' 
pnology at modest conc=nTr-fn-,c , 

demomtrated that h^rbimvdn A v^^'.^Z? ' 

pr=ss.d P,V.pos„iv= ,™ka.,a cell^g^: 

ABL oncoprotsm-associated mnitor^J ' 

«|viathe™,.u«cfBCRAtTTKS 

In this study, wp evaiuir-ri ; 

. ^^y.^n Ai„ 

- °y ^^^^'"isfecnon of BCR /apt 

Srew autonomously in umo and tumonLt 

the tnfiltranon of abdomiual or Jtu and brtl^ 

• • .^'-^/ABL-associated tumors the i n 

with n.ore than I X 1^."^^" k aVJT 7'"''''"='' 

t-.. ... .,1.0 antitumor effect of herbimvcm A in rh. 

murine model inoculated with highly v-itxo4 

. s..^vvi, that neroimycin A al.<;n i. ^ 

cvtotoxm against malignant human tumon"";;;; 
primitive neural features." and the ttimo Ten^itv n 
.nude m.ce of these sensitive cell lines crbela.Tid v 

animal [24]. " '° ^'^^ ^^'^oie 

tyrphostins, derivative 
s,nthcucs or erostain, provided an in.nor.ant ir a - - 

27? fIh ^ PTK activitv-(2S- 

er s frox^ thT'.'- ^'^^^ back- 

ers from the tyrphostin family can discriminate 

teins.[.8]. In addition to these studies, our deve). 
opment and study of herbimycin A, and further 
development of. chemical modifications misht n - 
vide an important insight mto future therapeutic 
development according to . new strateev of 
;^otem-targe.d therapy against >h'-posit.. 
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DT-Diaphorase Expression and Tumor Cell Sensitivity to 
17-Allylamino,l*7-dem€t]ioxygeldanamycin, an Inhibitor 
of Heat Shock Protein 90 

Lloyd R. Kellcmd, Swee Y. Sharp, Paul M. Rogers, Timothy G. Myers, Paul 
Woj'hiian 




Background: To Our 'knowledge, 17-ariyianiinoJ7-denneth- 
oxygeldanamycin (17A.AG>is the first inhibitor of heat shock 
protein 90 (Hsp90) to enter a phase I clinical trial in cancer. 
Inhibition of Hsp90, a chaperone protein (a protein that 
helps other proteins avoid misfolding pathways that produce 
inactive or aggregated states), leads to depletion of impor- ^ 
tant oncogenic proteins, including Raf-l and mutant p53 
(also known as TP53). Given its ansamycin benzoquinone 
structure, we questioned whether the antitumor activity of 
17AAG was affected by express-ion of the NQOi gene, which 
encodes the quinone-metabouzing enzyme DT-diaphorase. 
Methods: The antitumor activity of ■17AAG and other Hsp9Q 
inhibitors was deterniined by use of a sulforhodainine B- 
based cell growth inhibition assay in culture and by the ar- 
rest of xenograft tumor growth hi nude mice. DT-diaphcrase 
activity was determined by use of a spectrophotometric as- 
say, and protein expression was deterra.ined by means of 
western immunoblotting. Residts: in tM^o independent in 
KiVrci. human tumor cell panels, we observed a positive rela- 
tionship between DT-diaphorase expression level and 
growth inhibition by 17AAG. Stable, high-level expression of 
the active NQOI gene transfected into the DT-diaphorasc- 
deficient (by NQOI mutation)" BE human colon carchioma 
cell line resulted in a 32-fold increase in 17AAG growth- 
inhibition, activity. Increased sensitivity --to 17AAG in the. 
transfected cell hne was also confirmed in xenografts. The 
extent of depletion of Raf-1 and mutant p53 protein con- 



firmed that the Hsp90 inhibition mechanism was maintained 
in cells with high and low levels of DT-diaphorase. 17" ' AG 
w^as shown, to be a substrate for puriried human DT- 
diaphorase. Cone liisian: These results suggest that the anti- 
tumor' activity and possibly the toxicologic properties of 
J7AAG in humans may be inrluenced by the expression of 
.DT-diaphorase. Careful monitoring for NQOI polymor- 
.phisni and the level of tumor DT-diaphorase activity is 
therefore recommended in clinical trials with 17 A AG. [J 
Natl Cancer Inst 1999;91:1940-9] 



Benzoquinone ansamycins, such as herbimycin and gt;;-.^uia- 
ycin (Fis.. 1), exhibit anticancer activity by binding io hetu 
shock protein 90 (Hsp^O), a molecular chaperone, and its ho- 
mologue GRP94 (i,2).- In this interacciom geldanamycin Goav 
petes with adenosine triphosphate at the N-terminal-binding site 
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I of Hsp90 (3). The uneraccioi, results in th.- ■ . .osome-mediaced 
|derudat.on or several iniportanc oncogeruc proteins, inciudin- 
P%.lf'^^;.' "^"tant (but HOC wild-c:/pe) p53 (also known 
1 ^^'"'^•'^'^ P^°^5ie offers consider- 

I oDte puenuai for anticun-,or activity. However, both herbimvcin 
f xoQ gelaanaxnyc.n have limitations as drug candidates bec^..^ 
|. o^poor stab.luy and hepatotoxicity (7). This has resulted in 
|- eirons to discover improved syntiietic analo-^ues (5) 
I 0.e such compound, the 17-aUylainino.r7-demerhoxv ana- 
. lofue 0, ge danamycin (l7-aI]ylamino,17-demetl.oxv.e!dana- 

fPj. Although, m. rodent and dog toxicoloey studies \7\^G 
. retains. some otgeldanamycin's toxiciiy in the liver -ailbladder 
• .nd k..dney [( W) and National Cancer Institute [Ncf] I' dti 
file o;; i /AAGl it ha.s o better therapeutic index. For eSi^pil 
17A.... exerts antitumor activi.ty against some human mela- 
nom. .enoara t.s at nontoxic doses [.r^CI drag data file- on 
. 1 AAG and ( I J) Preclinical phannacokinetic studies .show that 
pharnuicologically active concentrations can be achieved in 
plasma and ti.s.sues [.NCI drug data file on 17AAG and (/7 ,] a„J 
lhat the major hver microsomal metabolite (shown in Fi^ i) is 
1 /-amino, 1 7-demethoxygeldanamycin (J 3). In view of its" novel 
mechanism oi action and its good therapeutic index I7AAG his 
no. entered phase I clinical trials as first-in-class Hsp90 inhibV- 

'"•^P'"''-^ °f U-S- NCI and the U.K. Cancer ' 
^eseaivh Campaign (CRC). Recently, the sti-ucturally distinct 
macrocyCc antihimgal compound radicicol (Fia. 1) has been 
shown to bind to Hsp90 and inhibit its activity p^-lj) 

DT-d,aphora.se, an obligate two-electron-reducina enzyme 
ireduced n,cotina,.ide-adenine dinucleotide (phosphate) : qui! 
one oxidoreductase: EG 1-.6.99.2], catalyzes the reduct on of 
anous qu,none.s (IS). As a result, cells rich in DT-diaphoIaS 
re especially sensitive to quinone-containins bioreductive an- 

nT'-.l-S"'': '"'^ ^ The indoloquinone 

t^9, . ,ca ;.c. ns procliiigs for activation to toxic forms by 

«on-small-cell lung cancers) have been shown to contain rela- 
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tively high levels of DT .phora^e (2?-?6) Thu, rh. 

diapho,ase proamg ,. approach. Although oreviou. s -d;.- 7,"^; 
have shown that geldanamycin is a sub^trac^ fo^DT dT?'- ' 
a cell hne derived f.-o... human colorectal clat'Jndt:'!^^^^^^ 
D -ciaphorase did not appear to be panicularv se^Jt^Cf 
danamycin However, it is not k.o4 whethe; c S ex^-l.f 
h^gt^levels Of DT-diaphorase show altered t^^^f^J':! 

The primary aim of diis study was to invesfV.te wher'-.r 
DT-a,aphorase activity has a role in the sensitiviv nP 
tumor cells to 17AAG Tnih-^iK, sensitivuy of numan ' 

termined by u^ ^t S^;::;!^^^- " 'i^'' 
panel of 15 human colorea^l^^^^^^^ ^^^^^^ 
lines, including some resX ,^0! ica r^ts^c^^"^ 
data were obtained in selected line. W S A ' ^°''"P^'"^t.ve 

and Che additional ns^:^z:::: i:sz::j^^''^ 

radicicol. The correlation between s n^u'v' y^ai^^^^T 
diaphorase activity seen in a subset of the CRC/ICR n. w^' 
lected to span the range of sensitivity to ,7^^ ' f 
examined and confi.-med with data frorn th^l^l:! f '^Tn 
human tumor cell lines (28) This led to ^.. h k ^ I °^ 
DT-diaphorase express on was a m^ior ^c^'^ T '''' 
cellu^rsensi^i^^o 17AAG ^J^l^^^^^^^ 
col. To provide further conclusive data, sensitivity to MAP 
was determined in a newly established, isogenic pa JJ^c 1 Uine^ 
that differ only in the expression of the acdve NQOl en Th 

di-sabling point mutation in the NQOl sene encodinc nr 
d.aphorase (29)) and a subline stably .ansfect Se Lo l" 
I ne and expressing high levels of functional DT-d^p^ 
fa^ne^^bv nAfr^''^ ''f "^^^'^ ''^^^^^'^^ mechanism w e" 

of Raf-l mutant p53. Hsp70.td'H;;j Z "nr^^ret;;: 

f ??rf^ - -'.-^^^ s cnmc:? 

could affectthe ;;;7citra;ref;;S^y°;? l^:^'""'''''''- 

Materials and Methods 
Cell Lilies 

We used pa.nds of human colon .nd ovarian cell Une.s. Wc obtainedcell Hn^ 

lio. wuh acqui:.d drug resi,tanc=..oVsp;;";;:v^;;:.7:::;' :™ 

lin^) or to doxorubicin (CKfdoxR ^A.'^'^Z:'":^;;' f .'""'■^'^ 
ing the mul,ia™g-r=si.st.„ce protean Moin -^ol?:' A M' ' ' 

erun,. 2 g,utam,a=. and 0.5 f.,/mL hydroconisone in 6% COJ9^t ! 
lines were tree of ^W>-copZa,m<2.contamination. ' 

Drugs arid Chemicals 

Ge!daran,ycin. 17.AAC. and 17-™ino,17-demethoxy.elda„amvcinwcre.un 
pUed by E. Sau.vilie (KCI). The regaining doigs (he,tln,yci„ Tadic c , 
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places, aiiou-d rhe .-i's --o --r-^rS ^v....;^^. ■ . ^^-wzi: n5i-:ro:;ier 
i X ^uacn overnigne, anc -hen added ihe drj;; x-u'-'':-- 



or Lhe National Cancer [nstiruce: Vol. 91, No. 22. November 1' 



1999 



ARilCLES 194: 



piicite vveili as indicated. Unless otherwise inciicmed, we exposed cells to dfjij 
for 4 days. Thereafter, cbe ceil nuiT:ber in trecited versus control wells wns 
esamiued aner treatmenc v.>'i{h 1.0% trichlcroacecic add and staining wi-h 0.4% 
siiitbrhodamine 3 in \% nettle acid. The IC^q was c:ilcu-lated as the Jriig con- 
cencration chnc inriibics ceil growth by 50% compared wich control grovvrh. 

Stable Transfection of the NQOi Gene Into the BE 
Human Colon Carcinoma Cell Line 

BE cells coEirain a point mutation in the NQOI geiie and thus have no func- 
tional DT-diaphorase enzyme aciivicy f29j. VYo u.sed the bicisironic expression 
vector p£nR£5-P (SS) to express the NQOI gene in BH ceiis. Lipoiectamine 
(Life Technologies, Inc. fGlBCO BRLJ, Gal thers burg. iMD) tor transfeccion, and 
puromycin (0.5 |ig/mL).for selection. Resulting clones were screened for DT- 
diaphorase enzyme activity or protein by an enzyme assny or immune blotting, 
re.spectively {see below). Full details of the vector construction a-nd the bioioiiic 
properties of the .stable trans Fee tan cs will be published elsewhere {Sharp SY. 
Kelland LR. Valenti MR. Bi-union LA. Hobbs S. Workman P; unpublished 
results). The stable trans tectants. designated BE-r397 clone 2 and BE-F397 
clone 5. were used in the.se studies. 

DT-Diaphcrase Assay 

To determine whether i7AAG was a good substrate for DT-diaphorase. we 
used'the standaixl cyiochrame c assay,. as described previously for the bioredirc- 
tive indoloquinone E09 (34) and geldanamycin (271 but replaced menadione 
wich i7AAG as the substrate and inteniiediate electron acceptor. We assayed 
extracts of the human colon cell line HT29 or purified human' DT-diaphora.se 
protein (from J. Skelly, ICR). For preparation of cell extracts, 2x10' cells were 
tp,'psini2ed, washed twice in ice-cold phosphate-buffered saline (PBS), and cen- 
trifuged (MSE Centaur I; 1 100 rpm for 5 minutes at room tempeniture). The cell 
pellet then was resuspended in 0.5-1 mL of lysis buffer (PBS. containing \% 
Triton X-i 14 and 500 \iM phenyimethylsulfonyi fluoride) and left on ice for 30 
minutes. After centrifugacion (MSE Microcentrifuge; 12 000 rpm for 5 minutes 
at rooni temperature), the supernatant was used. for protein determination and the 
enzyme assay. Results obtained for 17A.AG were compared with those for gel- 
danamycin, E09, and streptonigrin, an e.xcellent subsQ-ate for DT-diaphorase 
(35). For all drugs, the difference in reduction of the menadione substrate in the 
ab.sence and presence of dicoumarol (lOO |x/V/), a standard inhibitor of DT- 
diaphorase, was determined (27). 

ImmunoblotMng 

This analysis was performed as described previou.sly (30-32). Biiefly. 5x10* 
cells were trypsiniied, washed with PBS, and iysed in iOO jJiL of lysis buffer at 
4°C for 1 hour. Ly.sis buffer contained 10 mL of 150 miW NaCl-50 m.-W Tri.s- 
HCI (pH 7.5), 500 \lL of 20 nv\'/ phenyimethylsulfonyi fluoride, 2 p.L of apro- 
-iihin (10 mg/mL, stock solution), 2 p-L of leupeptin (10 mg/mL, stock solution). 
100 p-L of lOniiV/ sodium orthovanadate, IQO ]lL of Nonidet P-40, and 100 \lL 
of. 20% sodium dodecy! sulfate (SDS); Ly .sates were centrifuged (MSE Micro- 
centrifuge; 12 000 rpm for 15 minutes at4°C), and the rs.<;;iir!:iE: protein extiTiCts 
were separated (50 fig/lane) by SDS-poiyacr>d amide ge! electrophoresis and 
el ectrob lotted to nitrocellulose filte.'^. Antibodies to Hsp90 and Hsp70 were 
obtained from StrcssGen (Vicioria, ^ 
(DO!) were from Saaia Cruz Biotec 
antibody to the rat DT-diaphonise (v 
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ch cross -re acts wiih hu 



monoclonal 



was supplied by R. Knox (previously at CRC/ICR, now at Ensacta Ltd.. Salis- 
bury, U.K.). Antibody binding was ideatitled with ho.rseradish peroxidase- 
labeled secondary antibodies combined with enhanced chemiiuminescence re- 
agents (.^mershatn. Buckinghamshire. U.K.) and autoradiography. 

In Yiyo Effects 

BE vector control cells and BE-F397 clone 2 cells were established as sub- 
cutaneous xenog.rafts by injecdon of 5 x 10* ceils into the flanks of adult female 
athymic nude (nu/nu) mice. The antitumor effect of 17A.AG was determined in 
mice bearing comparably sized tumors (6-S mm in diameter) derived from these 
cells. Animals we.''e randomly assigned to receive vehicle alone (five or six mice) 
or 17AAG (five animals; do.se schedule = SO mg/'kg per day in 10% dimethyl 
sulfoxide and 90% egg phospholipid by intraperitoneal injection on days 1^ and 
days 7-1 1). Before this clinical formulation was available, 17AAG wus admin- 
istei-ed to mice bearing HT29 xe.no g rat- s in !09c dimethyl suifo:;ide-0.05vb 
Tween 20-90% NaCI, with a dosi schedule of 30 me/k;; oer d::v on davs 0-3 and 



days 6-10. This do.se and schedule were derived from previously perforTn-.. 
experiments [NCI drug data file on 17A.^G and (11)1 ' " ' ' " 

Tumor size vva.s decennined twice weekly by caliper mea.surements. and cuir - 
volumes were calculared (volume = [a x b" x -1/6. where a and b are orrhor^^ 
nai tumor diamete.'-.s). Tumor volumes we.re dien expre.s.sed as a perccncaiie ' -fth' 
volume nt the start of treatment (relative tumor volume). Tnc effect of th • .i^^l 
was determined by the growdi delay, i.e.. the differc.nre in days required ror ch^ 
voium.e of tuoiors in control and treated animals io double. .^11 procedur-'^ 
involving animals were performed within the guidelines set out by the In.stitute's 
Animal Ethics Committee and the United Kingdom Coordinating' Committee For 
Cancer Research's ad hoc Comniitcee on the Welfare of Animals in Expcirin-ea' 
tal Neopbsia (36). 

Statistical Analyses 

Where indicated, en'ors are presented as standard deviation (n 5=3). Correla. 
rion tests and lijiear regression analyses were computed wich S.AS JMP "SaS 
Institute. Gary, NC). We assessed correlations wi[h a Spearman calcui. n for 
the CRC/ICR panel and with a Pearson calculation for the NCI panel. A-uuxioii 
the Speaniuin stari.sric is technically more robust, the Pearson statistic wa.s used 
for correlations in the NCI panel for historic continuity. The likel-ihood test for 
linear model comparison was performed with S-PIus (Mathsoft, Seattle. Wa) 
All ? values are two-sided. 

Results 

In Vitro Growth Inhibition 

The./;? vitro growth inhibition properties of geicJuna-- vein 
17AAG, and radicicol against' panels of human colon (!;• . ines) 
and ovarian (I i lines) carcinoma cell lines are shown in Table 1, 
A. The IC^tj value for 17-amino, 1 T-demethoxygeldanamycin,' 
the major metabolite of-17AAG, is also included for some Tines! 
In most cell lines, all four compounds potently inhibited growth, 
with IC50 values of less than 2.5,|jl/V/. Notably, one ovarian 
cell line (the 4livr line) was relatively resistant (lC^^^ >2:5 jLL.^V/) 
to all four Hsp90-interactive compounds. On average, geldana- 
mycin was the most potent agent (niean IC^^j ==^50^.1 n/V/), 
with similar values obtained for 1 7-am"ino, 1 7~d :eth- 
oxygeldanamycin (mean lC^^^ = 47 n/V/ in a subset of nine ceil 
lines). 1/AAG showed intermediate potency (mean IC^q = 
220.4 niV/), and the least potent aeent was radicicol (mean 
IC50 = 587.4 u;W). 

Bar graphs showing the IC^q values (Fig: 2) reveal some 
interesting differences in the patterns of response for geldana- 
mycin, 17AAG, and radicicol. Notably, some ceil lines (e.g. * 
BE and LoVo colon cells) are reladvely resistant to 17AAG 
but not to geldanamycin (or radicicol). In contrast, ibr colon 
cell lines LS174T and KiVIIZ were relatively resistan- .1 gel- 
danamycin but not to 17AAG. We have compared patterns of 
response for 25 cell lines (excluding 41M because this iine was 
resistant to all compounds) by use of the Spearman analysis- 
Positive, but not statisucally significant, correlations were ob- 
served between geldanamycin and radicicol (r = .36; F = .08) 
and between geldanamycin and 17AAG (r = .33; F = .11). 
There was, however, no correiadon between L7AAG and radici- 
col (r = -.08; F = .72), Results indicate relatively distinct 
patterns of response for tlie three compounds. i7-A.r -no, 17' 
demethoxygeldanaraycin was studied in only a few line.> in tJit; 
panel. With the exception of LS174T colon ceils, which are 
relatively resistant to geldanamycin and more sensitive to the 
17-amino metabolite, the two compounds behaved simil^irf)', 
across the panel. 

Activity in .Acquired Anticancer Drug-Resistant Cell Lin^\^ 

The in vitro potencies of geldanamycin, 17.^.AG, and racii^^' 
col have also been evaluated in various andcancsr drue-rcsisc^^'^ 
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Tnl3lE 1. [n viiro hiuwun tumor call growth inhibit. 

{^cac shock protein inhibicor^ 



_ 17AAG and ocher 



■ . 5 ";/7 nfr f " /^""^ '='>"^^ntrano,:s that inhibit gro^O. 

CTC/ZC;? of human colon and o.ruian tumor cells* T 

• tCjD, n.'V/ ■ 



Ceil line 



Ceidanamvcin 



17AAG 



R:idicicol i7-Amino 



Colon 
BE 
HT29 
COLO205 
DLD-1 
HCA-7 
HCC2y9S 
HCTi5 
HCT= :f> 
KT: = 

UMi2l5 

LSi74T 

LoVo 

MAVVi 

SVV620 

Ovarian 
A27S0 
CHI 
HX6: 
fGR-' -V- 1 

OVCAR-4 

OVCaR-5 

OVCAR-f? 

PXN94 

SKOVO 

41 M 



19.3 ± 3. i 
46.7 n 9 

3.8 
78 

1.8 
9S 
83 
67 
I 1.3 
54 
9 

245 
2J.9 
6.2 
3.1 

i iJS 
104.5 
47 
94 . 
5 

9.6 
88 
15.5 
84 
• 46 
>250() 



773 ± 30.6 
8.9 ±2.9 
7.2 
140 
72 
78 
490 
99 ■ 
l3o 
9 

77 ■ 
78.5 
1130 
58 
6S 

12 , 
1055 
670 
92 
.^S 
295 
40 
67 
43 
76 
5200 



190 
3100 
1400 
290 
120 
- 650 
280 
240 
390 
135 
iOO 
780 
360 
iS50 
1 10 

115 

325 
2500 

295 
69 

540 

660 

230 
1450 

395- 
2350 



rs 

6.3 ±1.8 

ND 

NTD 

ND 

NT) 

tN'D 

ND 
17 

ND- 
20.5 
33.5 
42 

ND 

ND 



i90 
ND 
ND 
ND' 
ND 
ND 
ND 
ND 
• 58 
>2500 



B, Gnnyth inhibitory properties of geldanauiyciu, IIAAG, and radiciol 
against auiwancer drus-resisrani huuian tumor ceiUines-^,t 



Gcldananivcin 



2780 

ITSOcisR 
p 

Hi 

KicisR 
P 

Hldo\-R fPgp) 

<0V-3 niiro 
$0V-3 S2 (MRP) 



17AAG 



Radicicol 



7.1 

9.1 

1.3 
49 
17 

035 
2500 
51 

97.3. 
337 
3.5 . 



2.4 
1,9 
0,8 
960 
1220 
1.3 
>2500 
>2.6 
46 
142 
- 3.1 



115 
270 

2.3 
325 
83 
0.27 
565 

1.7 
2S0 
280 
. 1.0 



^_I7AAG - 17-aI]yla.ninal7-demethoxygeldananivcin; H-Amino = 
J -ae.^elhoxygeidanamycin; CRC = Cancer Research CanvpaUn: ICR 



'ZZ^^ or Cancer Kesearcn; MRP = mtiitidrug-resistanct protein; P<.o =' 



3'y==protein: puro = puromycin; ND = not done; RF = resistance factor 
a ■ i.,..!nt or -transrccted line/parent/vector conlrol linel 



-s. These lines possess acquired resistance ta cisplatin 
Jines) or to doxoi-ubicin through overexpression of P- 
oprotein fdoxR line) or of -MRPl (SKOV-3 S2> (Table 1 B) 
ough Iitrle cross-resistance to geldanamycin was observed 
^ = cisplatin-resistaiu cell lines, geldanamycin was markedly 
potent m the P-glycoprotein-overexpressing cell lines and in 
iKPi-overexpressing cell lines than in the parenr lines 
■jesting that gekianamycin is a substrate for these niulridrug- 

^'=^1 ouhe v.nor.oJ Cancer Institute.. Vol. 91, No. 22, November i' 
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Fig 2. Patterns of m .itro growth inhibition response across 25 human colon or 
0 arun crcnoma cell lines (as indicated) for geldanamycin (.4 % 
alIylaminG,17-demethoxygeldanamvcin a7-\^C) m a-d r-+^-;-i .■r^' 
suits .re displayed as the extent to which the IC.o v'^^e l^d; rLS„rr:" 
ons .ha. .,.b,t growth by 50% for a 95-ho.r exposure) for a given el 1^^: 
g^te or lower Lhan the mean IQ, calct^lated for the eatir. panel. Va^ues f rTh 
" n" "^-..^^'^f f = -^"'^ as follows: 50.1 n.V/ for geldanan"^? 

220.4 n.Vf ror 17-AAG, and 5S7.4 nA-I for radicicol. 



esistant erflux proteins. The picture is rather less clear for 
17AAG because theparent.J CKl ovarian cell line is relanvelv 
resistant to 1 /AAG. although there is at least a 2.5-rbld c'r^ss 
resistance to 17AAG in CHldoxR. The level of cross -res i.^J: 
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for geldananiycin and 17AA .s similar in the MRP- 
.overexpressLig ovarian line/Like geldanamycin. 17AAG retaijis 
nitj actjviry m tht cispiadn-resistanc lines. 

Growth Inhiljltion afid DT-Diaphorase Enzyme Activity ■ 

Becaase geldana.mycin and ITAAG are quinor.e-br^ed com- 
In ^' ^'"^ of DT-diaphorase acdvity in these 

Ixolore K r°" geldanamycin. To. 

acd ' v ,t 1^°'"" ' --."^ """^'-'^"^^ DT-diaphorase en.yn,e 
CO in n c^I geldanamycin, 17AAG. and radici- 

col m 11 cell lines (selected from diose shown in Table 1) with 
a broaa scectrum of responses to diese compounds (510^3^ A 

Sent'';? -n'fAr?" ""''T' 'P^"'^^" ^P^ 
DT Inhn . t ' = ^ = -002). Cells with ipar.inal 
DT-d,aphorase levels were relatively resistant to 17AAG" but 
he e was no statistically significant correlation between .eni 
mty to^geldanamycin or radicicol and DT-diaphorase ievels 
■ . ~.-V. • ^^sP^'^fi^^ly)- Thus, we have identified the 

potential for a causal link between expression of DT-di phor e 
and sensitivity to 17AAG, but not geldanamycin, in the CRC/ 
ICR panel of colorectal and ovarian- cell lines 

We then repeated this analysis with the NCI panel of 60 ceil 
mes wn.ch are derived fron. a diverse group of'human cfnc" 
(28) have reported previously the DT-diaphora.se acdvitie 
to this panel of cells (2S) as the logarithmically transformed 
va ues that ai-e noi^ally used for analysis in the NCI pane] W 
used correlation tests to e.xplore the hypothesis that- DT- 
djaphorase levels could be directly responsible for die sens dvity 
fin TnT The Pearson coire ' 

•St dinnh "''"^'^ ' P°==^^'^^ -lationship between 
. DT-dmphorase expression and sensitivity to 17AAG (r = in 
The coireladon between DT-diaphorase and geldanamycin was 
also weak, with possibly a negative trend = - 15) Neither 
correlation was stadsticaJly -significant (P = 43 and 24 re 
spectively). We then tested the hypothe.sis that, althousTi 'dT- 
.diaphonise activity may not predict sensitivity to 17AAG di- 

17AAG than to geldanamycin. We tested diis hypodiesis by 
comparing the following two linear regression models: 1) 
7^1 r'"""'-''"^- " -^^^^^"^naycin sensitivity + eiTor. and 2 
IV.AAG sensitivity =^ geldanamycin sensitivity + DT^ 
diaphorase activity + error. Because 17AAG and geldanamycin 
are reasonably well correlated (. = .50; P<.001). both moddsTt 
the data well. However, more important, inclusion of DT- 
ampnorase caused a stadsticaJly significant (P = .03) imnrove- 
ment m the ht as measured with a likelihood ratio test (analysis 
of vanance by use of the F stadsdc). Thu.s, DT-diaphorase is a 
stadstically significant factor when die sensitivity patterns of 
17AAG are compared with those of geldanamycin. Addidon of 
multidrug resistance protein status, as measured funcuonally by 
rhodamine efflux, did not improve the above model (data' not 
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p e Mon tor he:u shock proCern 90 inhibitors. Th. resuk. are displayed as a plol 
or 1(^,0 (menu drug concentr:itions that inhibit srcwch by ^0% • oe-hour 
exposure) versus DT-di.phcrase enzyn.. activic; .nd D^ia^ho..:; ^nzyn. 

n r ■ ' ff;^'!'T''' ^-^^^ i7-^lyl^^n^'no,l7-de..ed.oxv.ddan.mvcin (H). 
and radic.'co! (C) in the followinr ' ■ ■ ' " ' 



inn); 2 = 41M (ovari.n): 3 = LS !74t' (colonV 7= BE(coion)- 5 = KCT!i« 
(colon): 6 = A2780 (ovarian); 7 = HT55 (colon)- 8 = U,-'-'''- f--l-^- o 
LoVo (colon); 10 = SKOVO (ov^man): and l.I = HT39 (col^n). •■ 

the naturally high DT-diaphorase-containing colon line HT29'.. 
possess similar levels of DT-diaphorase protein (u^^nnblislie'i' 
results). Enzyme acdvity data supported the iminunob: cdns oi(i 
servations. Values (measured as the dicoumarol-inhibicable n§ 
duction of .menadione and expressed as. micromoles of cyK^js 
chrome c reduced per minute per miUiaram of protein) are.€? 
follows: BE vector control cells, unmeasurable acdWi| 
^1°"^ 2, 1.4 ± 0.5; BE-F397 clone 5, I.3| 
0.2: and HT29, 0.94 ± 0.2. This HT29 acdvitv is similar to fM 
activity obtained previously with the same assav ^7). f"P@ 
tional validation of the model was provided bv the obser'^itj^ 



f ! ^"/t°2enic BE Colon Cell Lines That Contain or 
Lack the Active NQOl Gene 

To m.ore direcdy investigate the role of DT-diaphorase in 
mediating die cytotoxicity of 17A>VG, we stably transfected the 
BE cell line with the NQOl gene encoding DT-diaohorase As 
Shown by iramunoblotdng. the resuldng BE-F397 clone 2 and 
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vas ODsei^ed with 17AAG.. where.^ a less t-han threefold 
-a.a.oa was observed for all other ,o^ouu^e^:£^ T 
^^econd tester- Lhe etxect of DT-diaohorase on thr^o ' 

or>- properties of these compounds (FiH. 4, B) ^1^9 c;^^^^^^^ 
• (nanira V hi^^h in DT ■^\•^r.'r.r. . . '^'^ ^^^on cells 

BE parent cells (no mea.ura.irDi;;;apL::;;;Sn;i::;? 
geaeraily mxiTored diose results observed with the so.;. " 
^ansrected pair 6f BE hnes, with orJy 17AAa 5 the S 
iQhibicors tested showing a marked DT-diaph^rase me5 
dinerenaal effect (87-fold potentiation). It i o im^es h c^^ 
pair of lines chat HJIQ r-lic h-,n . -v- , ^"'^^'^^^f '^i this 
t„ r ■ , , -"^i-y c^iis haa a.stnking v greater sen<;ir;v,>v 
to radiccol than did BE cells, an effect no^ s;^n SitS " ' 
genic BE cell line pair. ' ' "'^ 



I . aai introduction of the DT-diaphorose g.,..e into BE cells sub- 
g; sra-otialiy enhanced u'le potency of strepcon.isi-in an exce'le^t 
\ DT-Gtaphorase sub.strace and bioreduccive aselit The d-^rZ of 
I pote..ciaaon correlated wi:h DT-diaphorase~levei;"aad"cti;itv 
1 {Ii.;-ro!d po_centiation in BE-F397 clone 5 and 149-fold pot^n" 
i nauon .n Bt-F397 clone 2). Furdier details will be publi^heH 

Dose-response cuiTes for geldanamvcin and ITAAG m 
vector control ceils and BE-F3.97 clone i are shown in Fi-. 1 A 
.Although the two lines showed similar sensitivity to eeldana- 
inycm BE vector control cells lacking DT-diaphora^e we- 
niai-Kedly less sensitive to ITAAG; The degrees of pocentiadon 
.(111 terms oT IC,„ values) for geldanamvcin .iTAAG 17 
am./io.l7-demethoxygeldanx^ycin, radicicol, and hei-bimvcin 

ooser when DT-d.aphorase was introduced into the BE c^lon Reduction of bv P t . 

cell line aie shown in Fig. 4, B. Notably, a 32-fold potentiation ^ "^'"^ ^^"'^^ DT-Diaphorase 

Hi.^r'"^ demonstrated a potentially important role for DT 

^''^P'^°^^^e ^eUular sensitivity to 17A4G w^ used n Z w 

one substrate replacement assay'as described; e ot ,7^5 m 
to detemiine the ability of this naenr c.ih '''''':^^y f^/.:>-; 
a.inoa7-de.etho.ygeL^^^^^^^ 

ed h man DT-diaphorase (Table 2). Sa-eptoni.tin (JJ n 
cellent substrate for DT-diaphorase, was also Included in rh." 

rSTZu^' 'T ^'^'^'^ ^ rerso:;:ble tbTtr 
tor DT-diaphorase, but it is not appreciably better th.n 

mycinor.l7.an.ino,17-den.ethoxy'fe.danan^yc 
surpasing in view of the cellular data, ihe DT-diapho2 e 
mediated reduction rate was similar for all three analo 'ifes ea 
at a substrate concentration of lO- u./V/ At 50 u.M 17A?r 

strata :nhibidon. which was not observed w th h^^^^^^^^^ 
a^logues at 100 ^M, The latter two concen.aticl^s, h 
.V'^'-M '''' pharmacologically reJevan ran'e S 

ISO should 0. noted that all three of the ansamycin analogues 
gave reaction rates that were substantially lower than rates^o 
^ed for streptorugrin (Table 2). with the s.ucturali; dSin t 
Hsp90 inhibitor radicicol, which lacks a quinone mLty no 
reduction was observed. moiety, no 
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"^P^^^n ?Jin- tra„.fecd„n on r^pons. to heat 
o»ni.o,7r r,. '^ ^ A) Dose-respons= cun-es for BE vector 

'^bols ■ '\^^,BE-P397 clone 2 (•, O) for geldanamvcin (Geld; open 
"'^Ag's!,L " l'-^"yl'->mino,17-demetho.xyoeldanan,ycin 
'""■P^^'d S 7'"'^"!!';°""°"°"^ "■"'^^)- B) £.x.ent of poienciaaon in hish 
'''^^"^mycil °^-^'=LP*'"'^"-=-^P^^^inS cells for the ftp90 inhibitors 
■"^'"^icol fk!; • '^-^™"«'17-demetho.xygeldananiycin (17amino) 

'""^ *a, i„hS' ' '":='^'^>''--'" («erb). Fold-potentiation = drug concentra- 
f=Phorase?J. ^- ""^ =■^-='^=^^'"2 low levels of DT- 

Wei Parental or SE vecior control lin^yiC^^ in cells ext,ressinc n f,;.,, 

"""'^ol/BP '-^E-FSg? or KT29 colon line). Solid bari = BE vecmr 

~ " ■' '^s-^^; cross-hatched bars = BE/r.llS cells. 



Pm2/^^"^*^*^ °" Oncogenic 

To determine whether the mode of action of 17AAG was the 
same m cells exnre<:s'>-o yr-.-.-., k;^u . , 

ana to guide Lhe cho"'c"= o^'"^^-^r---^^nhr"" "'■'-"•^P"^^"^^^ 
- r'.'^".°"""^°^"'^^P"^™acoaynamic markers 
I't'''^. °^^^s^'^ed the levels of Raf^l 

u.u.an. p5o. xispQu, ana risp70 proteins in vector control cells 

Teverotthel '^^"^^ Seldanrmyd 

Levels of these protems 6 and 24 hours after the addition of 

cqauoxic (coniinuous exposure to 5x and iOx IC ) or 

equ:xnolar (0.13 and 0.3 ^^f) geldanamycin or 17AAG axe 

hown HI F:g No change, in Hsp90 protein levels was ob! ' 

served. A smnlar marked reduction. especiaOy at 9d hours was 

observed for Raf-1 and p53 protems fn the BE vec or con^ 

ce s and .BE-F397 Cone 2 cells at ecjuitoxic concentraSoTs B 

contrast, an increase in Hsp70 levels was observed. For^eidana- 

mycm or 1 /AAG at equimolar concenn-ations (0.15 orO 3 a"/ 

no change ,n any of the four proteins was observed in"h= BE 

vector control cells e.xpressing low levels of DT-di^^^no.-t 



eir cellular resistur 



at 



;;ese corice^rncic 



I. 
I 



:op.a! 



Iasci:u;e. V'oL 9! Nc 



22, Noverf;ber 17 1999 



T.-i])Je 2. Reducrion of geldanaoiycin, 17-alivwiniino. IT-demccho.vvseiJ^na- 
mycin (ITAAG). :ind 17-annno. iT-deni erne xyge id ana iiiYcii: (17-amino; by 
piiriried human DT-d: aphonics (ac 20 iia/iTiL)*,! 



Menadione. 10 
Strepa>nignn, 50 llA-/ 
Sirepionigrin. 25 
Screpronigiin, 10 jaA/ 
Ccidancimyciii, lOO'^uV/ 
Gefdanamyciiv 50 p./W 
Ceidanamycin, 25 jx-V 
Celdanamycin. 10 iiM 
17 A AC. Too 
iTAAC, 50 i^-M 
I7AAG. 25 pjVI 
ITAAg! 10 
i7-Amino. !C0 pA^f 
i7-AniinO- 50 
[7-Amino. 25 
17-Amino. 10 ilM 
Rudicicol 



Reduction of .subsrae/"' y^rr^ol of cytochrome 
c: reduced per miniu'e per mg of protein 



! 13S.5i 163.7 
206. i ±5.0 
159.! ±9.0 
176.6.= 69.5 
iJ5 ±0-S 

7.2 ±3.3 
7.0 = i.O 

4.3 ± 0.6 

20.5 ± 2.1 
15.0 ±7.9 
SJ ± 1.3 
3-6 ±0.6 

17.6 ±5.3 
22.8 ±3.6 
IK7±4.3 

6.S ±3.5 
ND 



*Vaiues are individual or mean ± smndard deviation (n = 3). 
tND = nor detectable at aJ] ccncenirarions tesred. 



In Vivo Effects of 17AAG 

We determined the effect of 17AAG on the response of the 
BE vector control cells and BE-F397 cells when srown subcu- 
taneously as solid tumor xenografts in nude miceri7AAG. was 
administered at the maximum tolerated dose of 80 mz/ks: per 
day Intraperitoneally.on days 0-4 and days 7-1 1, a schedule that 
IS active on sensitive xenografts [NCI drug data tlie on 17AAG 
and (J 1)1 The xenograft tumor grown from the transfected BE- 
Fj97 cells (Fig. 6, B) was more sensitive than the BE vector 
control cells (Fig. 6, A). The growth delays, calculated from the 
time required to reach twice the treatment volume were 1 I ^ 
days for the BE-F397 xenograft and 5.8 days For the vector 
control. For tlie HT29 xenograft (and a similar schedule of SO 



mg/kg per day intrapeiiioneally on davs 0-3 and ch^.■s 6-^0) 
growth delay of 16.6 days was obsei^ed (Fig. 6. C). Expernp^^ 
fnot shown) confuTiied that the differences in . DT-dTaDhor 
expre.ssion seen m vitro were maintained in the xenocr^afr -/''^ 
nc^ shown). Thus, die HT29 line wich a nacurailv [uX\,\ 'T'"^ 
Di-diaphorase and also the transfected BE-F597 lineV-re nV * 
sensidve in vivo than the BE vector control cells that have n \T 
'level of DT-diaphorase activity. ^ 

Discussion 



^ I /AAG IS currently entering phase I clinical trial as the tlr.r 
m-chss Hsp90 inhibitor, under the auspices of rhe NC' and 
•CRC. Treatment with this drug results in the deplet^/ of"', 
number ot important oncogenic proteins, includina r^^f j 
ErbB2, and mutant p53 proteins, from rumor cells ( J 4-6 9} i ' 
this azticle, we show that, the levels of DT-diaphorase actiwj in 
• a tumor cell are an important and statistically siirnincant deter 
imnant of how well 17AAG will inhibit the growdi of that tumor 
eel . Evidence for this role of DT-diaphorase comes from the 
following three observations: 1) There was a statistically sianifi 
cant_corre]ation between DT-diaphora.se activity and sehsirivity 
to J / AAG for 1 1 human colon and ovarian cancer cell li--- from 
the CRC/ICR panel. 2) Subsequent interrogation of d;' froJ 
the NCI panel of 60 human tumor cell lines supported che hy 
pochesis that the level of DT-diaphorase activity was a contribu- 
tory factor in the differences in the sensitivity of tumor cell hnes 
to 17AAG compared with geldanamycin. [In an analogous way 
the differences in sensitivity between methotrexate and tiimet' 
rexate in the NCI 60 human tumor cell line panel have been 
explained by differences in the levels of reduced folate carrier 
protem (37).] 3) Transfection of DT-diaphorase into rhe BE 
human colon cancer cell line, thereby creatine: pairs of -aenic 
cell lines differing only in DT-diaphorase expression, resulted 
in a marked increase in l7AAG-induced growth inhibidon in 
vitro and an increased response to 17AAG in vivo. The desree 



Fig. 5. Representative inimunoblots for heat shock protein 
90 (Hsp90), RAF-1. p53. and H.sp70 fa.s indicated) in BE 
^(ictor conirdl of BE clone 2 ceiis exposed to equi toxic 
concentradons (5x or lOx drug concentrations that inhibit 
gi'uwth by 5Q7o [{C.n]) of geldanamycin (0.2 and 0.4 p^V( 
for 5x and lOx iC,o in BE vector control cells anti 0.1 and 
0.2 for 5x and lOx TC^^o in BE-F397 clone 2 cell.s, 
respectively) or I7-a!lylajTiino.l7-demethoxygeidanamycin 



: and I Ox IC<q in 3£ vector 
nd 0.3 for 5x and lOx lCs„ in 



control cells 2nd 0.15 

BE-F397 clone 2 cells, respectively). Two fixed concen- 
trations of [l.\.\G (0.15 and 0.3 p.;Vn tu'e also shown for 
RAF-1 in the BE vector control cell.*;. Cells were exposed to 
drug for 2 hours and 'harvested 6 and 24 hours after expo- 
sure. Lane 1 = 6-hour incubation of untreated cells; lane 

2 = 6-hour incubation in geldanamycin (5x IC^o); lane 

3 = 24-hour incubation in gel;lanamycin (5x IC^ci)' l^^e 

4 = 6-hour incubation in geldanamycin (lOx ic'^o)*- lane 

5 = 24-hour incubation in geldanamycin (I Ox IC^^j); lane 

6 = 6-hoar incubadon'in L7AAG (5x IC^J; lane 7 = 
24-hour incubauon in 17 AAG (5x IC^,,): iane 8 = 6-hour 
incubation in 17.\AG (lOx IC,„): lane 9 = 24-hour incu- 
bation in 17AAG (lOx IC50): and lane 10 = 24-hour in- 
cubation of untreated cells. Blots for the BE vector control 
cells and 17AAG are also shown. Lane 11 = 6-hour in- 
cubation of untreated cells; lane 12 = 6-aour incubation in 0 
t:i 0.3 p.A-/ 17AAG; lime 15 = 24-hou.- incubation in 0.3 
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J" is- S, Effec-t of-' DT-diuphora.se expression on the response ot* human tumor 
■'^tinografts in vh-o lo r7-Li!iyi:iminoJ7-demeihoxyge]danamycin (ITAAG). Tu- 
mor (growth curves ior mice beanng BE vector control (A), BE-F397 clone 2 (B), 
»r HT2^ tC) -xenografts after treatment with 17AAG. The dosing schedule was 
SO mg/k:j per day intraperitoneaily daily on days 1-4 and days 7-1! for BE 
^"i^ors and on days ()-3 and days 6-iO for HT29 tumors. A = 17AAG; O = 
^"iitroi. D:ua for relative tumor volumes are the means (± standard deviation) 
from five iinimaLs. 



:lated with the level of enzyme 



0 ^ in vitro gro \v th inhibition co it 

^^Pi-ession, being 32-fold higher in the transfected cell line with 
higher levels of DT-diaphorase and 22-fold higher in the 
Jl^^nsfecred cell line witli somewhat lower levels. Of interest, 
f^T-diaphorase effect was not observed with geldanamy- 
results in agreement with data from a nonisogenic pair 
l^--/). Moreover, the effect was not seen with 17-amino,I7- 
^vthoxygeldanamycin, which was identified as the major 
^AG metabolite La human and mouse hepatic preparations 
) and confirmed as such in vivo (NCI drug data file on 
^AaG). DT-diaphorase activity also appeared unrelated to the 
^otency of radicicoL the structurally distinct Hsp90-binding an- 
joiatic. Indeed, BE cells that express a low level of'^DT- 
'"^PhoK.se v/ere a'tmosi: lO-foid more sensitive to radicicol than 



were HT29 cells, vvhi, .press a naturally high level of DT- 
Qiaphorase. There was no difference with radicicol in the iso- 
genic tansfected BE cell line pair. 

The correlacian seen between expression of DT-diaphorase 
activity and sensitivity to ITAAG but not to geldananivcin^or 
radicicol shows chat rj^e effect Is not generic across z}dK^v90 
inhibitors or, indeed, across all benzoquinone ansamycins. The 
precise mechanism by which high levels of DT-diaphorase in 
tumor cells result in sensitivity to 17AAG is not clean The 
observadon d^at DT-diaphorase activity affects tumor cell sen- 
sitivity to-17AAG but not to geldanamycin or 17-amino/i7- 
demethoxygeldanamycin is not explicable in terms of their re- 
spective behavior as substrates for the puritled human enzyme. 
Although we have demonstrated that 17AAG is a reasonable 
substrate for human DT-diaphorase, it was not appreciably better 
than geldanam.ycin or l7-amino.l7-demechoxygeldanamycin. 
particularly at more relevant dmg concentrations. Only at the 
miu-kedly suprapharmaco logic concentrations of 50 and 100 \j.M 
was l/AAG reduced at a statistically significandy faster rate 
than geldananiycin. For 17-amino,17-deniethoxyge"ldanamycin, 
there was no appreciable difference in rate compared with\^el- 
danamycin. 

Given the close sti-uctural similaj-ity of 17AAG, 17-amino.l7- 
demethoxygeldanamycin, and geldanamycin (Fig. 1), it is clear 
that it is the ally! substitution on the amino group at position 17 
that is responsible for die DT-diaphorase Vfect. Preliminary 
resulLs with a range of 17.AAG analogues are consistent with this 
obsei-vation. We hypothesize that the behavior of the reduction 
product of 17AAG must differ froni the reducnon products de- 
rived from geldanamycin analogues with other substituents. 

The xenograft experiment confirmied that DT-diaphorase- 
ti-ansfected BE-F397 cells were more sensitive than BE vector 
control cells in a solid tumor in vivo. The naturally hish DT- 
diaphorase-containing HT29 xenograft was also more sensitive 
than the BE vector control xenograft. Dose-response data were 
not generated in these experiments. However, it seems likely 
that the differences seen in tlie in vivo xenografts were not as 
large as those obseiwed in the same lines i.n vitro. One factor that 
would tend to decrease the contribution of DT-diaphorase levels 
in the xenograft experiments is the metabolism of 17AAG to the 
17-amino derivative, which is the major metabolite in the mouse 
(13), This could' be important because we show in this article 
that sensitivity to the 17-amino metabolite is not affected by 
DT-diaphorase. Formation of the 17-aniino metabolite is cata- 
lyzed by cytochrome P450, specifically CYP3A4 in human mi- 
crosomes (13). Thus, we propose that the sensitivity of a given 
^ ^ v-...vL w L I t\i luiijf uiicuieQ D_y uie uaiance be- 
tween DT-diaphorase and CYP3A4 metabolism. Consequently, 
we urge that both enzymes (or surrogates thereof) be monitored 
in the clinical studies that are now under way with 17 AAG. 

We determined that 1 7 AAG was operadng through the Hsp90 
protein to stimulate degradation of the oncogenic client proteins 
Raf-1 and mutant p53 by use of 17AAG ai equitoxic and 
equimolar concentrations and cells expressing high and low lev- 
els of DT-diaphorase. The depletion of client proteins reported 
previously for both 17AAG and geldanamycin (4-6,9) was seen 
in cells' expressing high and low levels of DT-diaphorase. At 
equitoxic concentrations of i7AAG or geldanamycin (5x and 
rOx IC50) In the isogenic BE cell lines after 6 hours and, espe- 
cially, after 24 hours of drug exposure, there was a similar and 
marked reduction in Raf-l and mutant d53 oroteins. A{ the fixed 
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foncentrations of 0.15 or .0.3 p-A-f . ..AG,, which inhibited 
. growth of wild-pype NQOl-transfecred cells bufnocEE vector 
control celis, tliere was no reduction in Raf-l or p53 proteiji in 
ceils wiLh low levels of DT-diap.horase, whereas depletion was 
• .'^een in- the cells with high levels of DT-diaphcrase tliat did 
re.spond to these concentrations. Thus, target activitv was inain- 
tained in die presence of the respective acdve concentrations of 
17AAG, independent of the expression of DT-diaphorase. This 
rules out the possibility that diffe.rent target mechanisms operate 
in cells expressing low and high levels of DT-diaphorase^ 
Rather. DT-diaphorase expression increases the potency of 
17.AAG via client protein depletion. 

In contrast id effects reported in melanoma xenosrafts after 
admin istratLon of 17AAG (11), no difference in the levels of 
Hsp90 was observed in our experiments. HspTO levels, however, 
were increiised. consistent with the removal of Hsp90-induced 
■transcriptional repression of Hsp70 when Hsd90 is inhibited 
Again, tins etiect was seen at e.quitoxic concentrations of 
17AAG m both high and low DT-diaphorase lines, consistent 
with retention of the HspQO-binding mechanism. 

The high constitutive e.xpres,sion"'of p53 in BE cells su'^-^ests 
i\ mutant p53 genotype. Effects on mutant p53 were cons^istent 
with cell cycle effects of geldanamycin reported in cell lines 
expressing wild-type or mutant p53 (39). In our own studies on 
the^A2780 human ovarian carcinoma cell line (wild-type for 
p-v3) and a subline stably transfected with the viral p-53- 
inactivaring gene HPVE6 (40). we found no difference in sen- 
sitivity to geldanamycin or i7AAG. Overall, the results indicate 
that pd3 status is unlikely to influence sensitivity to 17AAG. 

In .summary, although uncenainties remain resrardins the pre- 
ci.se mechanism involved, our results clearly show tha" expres- 
Sion of DT-diaphorase can influence a tumor's sensitivity to 
17A.AG. It is also possible that NQOl expression could affect 
toxicity of 17AAG toward nonnal tissues. There tu-e obvious 
implications for the clinical evaluation of 17AAG as an antican- 
cer agent because 5%-20% of the population (depending on 
ethnicity) is homozygous for the genedc polymorphism used in 
this study, the DT-diaphorase-disabling point mutation in the 
NQUl gene present in the BE colon cell line (41). In addition 
the expression of DT-diaphorase in human tumors is very vari- 
able (2S,26), as it is in the cell lines studied herein and elsewhere 
(22-24). We suggest that, in addition to measurins deanidation 
ot oncogenic client proteins and/or an increase in Hsp70 after 
treat.ment v/ith i7AAG as potential markers of activitv and 
therapeutic response, NQO l/DT-diaphorase genotype, CYP3A4 
status, and also tumor DT-diaphorase levels should be deter- 
mined. In particular, we propose that these measurements m 



Lncl/cr-toxicity and should 



provide useful indicators of efficacy oiiwu.^ 

be considered for the. phase I clinical trials of iXAAG tLThave 
recently begun under the auspices of the NCI and CRC. 

References 

(0 VVhiteseil U Mimn-auuh EG. De Costa B. Myers CE, Neckers LM Inhi-" 
biuon ot heat shock protein KSP90-pp60v-5rc heteroprotein complex 
|ormaaon by benzoquinone lUisamycins: essential role for stress proteins 
in oncogenic transrormiuion. Proc Natl Acad Sci USA i99d-9i- 

(2) Stebbins CE, Ru,,o A.\. Schneider C, Ro.sen N. Kanl FU. Pavlctich NT 
_ Crysml structure of an fcp90-oeldunaraycin complex: taraetina of a Droiein 
c(i,iperor.e by an antitumor anent. Cell 1997"S9'?39-50 

(S) Prodromoa C. Roe SM. O'Brie.n RO. LaJburv'jE. Piper PW, Pe:,rl LH 
^Z^T^ ""^ '^^'^^'^^^-^ion of the .ATP/.ADP-bindinsr siie 

m the hsp90 molecular chaperons. Oil! 1997;90-5=;-7^- • 



(4) .An WG. Schnur Rc .ckers L. Blagckionny MV. Depletion of pi 85=-o: 
R^r-1 and mutant ?53 proteins by gcidanainvcin derivatives con-l-t- • ' 
antipronrerative activity. Cancer Chemother Pharmacol L997-^0-^V' 
P) D^zm- C. Monu..nd ;. Geluananv.cin prevents nuclear tmilslo^i^ - 
mutant p:ij. Exp Cell Res 1997:237:29--;- " 

(6) Whitesell L. Suiohin PD. Pulcini £J. Ma.^ti.e. JD. Cook ?H The r-., • 
association of multiple molecular chaperone proteins with n.^:,^'f^ 
aUered by geidanamycin. an h,sp90-bir,ding age.^t. Mol Cell Biol ■^{.^l 

(7) Supko JG. Hickman RL. Crever MR. Mal.speis L P.^eclinical pharnncn 
\^%'.c evaluation of geldana.nycin as an antitumor a.ent. Cancer Chemo 
Pharmacol 1995;36:305-15. ~ ^■^'-moihor 

iS) Schnur RC, Gorman ML. Gallasdum RJ, Coooer BA, Dee MF Dotv JT 
al. erbB-2 oncogene inhibition by gddanamvcin derivativev svm'-e''" ' 
lS;^"si3!2'r" reJationships. J .Med Che','; 

rP; Schuite ™. Neckers LM. The benzoquinone ansamycin 17-aI|-, = •„,:„„ 
. . I /-demethcxygeldanamycin binds lo H5P90 and .shares imponant"biolo„ t 
act,v,t.es wuh geldana„,ycin. Cancer Chemother Pharnuicol 1998%: 

(10) Page J. Heath j, Fulton R. Yalkowsky E. Tabibi E. Tonmzewski J et il 
Comparison of geldanamycin (NSC- 1 22750) and 1 7.ally|.nmi„;" 
geld.nam.ycm (^503305070) to.xicity in nu.s (abstraclj. Proc L aZ 
Cancer Res 1997;38:.A2067. .-^m Assot 

HI) Burger AM, F.ebig HH, Newman DJ, Camalier RF, Sausville EA Ami 
tumor activity of 17-(allylaminoVl7.demeiho.xyg=ldanann.cir '(NSC 
.'-^0d07) m melanoma .xenografus is associated with decline in H- 0 oro 
■ lern expression [ab,stract|. Annals Oncol 1998:9{S»ppl 2):absuact i04 

(11) Eiseman JL. Seni2 DL. Zuhowski EC. Ramsland TS, Rosen DM, Revna 
SP, e, al. Plasma pharmacokinetics and tissue distribution of 17- 
alLvlammogeldananiycin (NSC 330507). a prodrug for geldanamvcin in 

S^38:A206T ^^"^"^ 
(13) Egorin MJ. Rosen DM, Wolff JH. Gallery PS. Musser SM, Eiseman JL 

Metabolism ot l7-(allylamino)-l7-demetho.xyoeld™amycin (NSC 330^07) 

by murine and human hepatic prcparaiions. Cancer Res 199S-58-2^S5-96 
f ■ f *e protein cl^rperoi,. ' 

HSP90. by the transformation .suppressing aaent. radicicol f. -no.n. 

1998;16:2639-45. " " ' 

il5) Soga S. Kozawa T, Narumi H, Akinaga S. Irie K. Malsumoto K et =1. 

Radiccol. leads to selective depletion of Raf kina.se and disrupts K-Ras- 

act.vatcd aberrant signaling pathway. J Biol Chem 1993-273-S7^-S 

( Ifi) .<;.->im1(» xu/ Ai,r_ r f r. „ - ' " — 

' " — ".-su.o. ooga o. auiiivan vv. iitensaartl S, Toft D et al. 

Antibiotic radicicol binds to the N-terininal domain of Hsp90 and shares 

'S'^lOO^'""''' '"'"'"^ S'^^'S Chaperan.5 

(17) Roe SM, 'Prodromou C, Q-Brien R, Ladbury JE. Piper PW Peirl LH. 
■Structural basis for inhibition of the Hsp90 molecular chapeior.; by ihc 
antitumor aniibioucs radicicol and geldanamycin. J Meci Chem ■^99:42: 

260-6. 

(JS) Ernster L. DT-diaphorase: a hisconca! review. Cheniica Scripta 1987;27A: 
{J9) Workman P. Enzyn:e-dir==ted bioreductive dru^ deveiopment revisited: ^ 



1 /•.'/ 



I2S) 



comnienciiry' or. 



M ogress and future prospects with emphasis on 



ARTICLES 



qumone andcancer agents and quino.e n^etabolisins enzymes, pardcalariy 
DT-diaph erase. Oncol Res 1994:6:461-75. 

(20) Riley RJ. Wofkman P. DT-diaphorase and cancer chemoeheraov B^ochc:.! 
Pharmacol 1992;43:1657-69. 

(21) Stratford IJ. Workman P. Bioreductive drugs into the next miM^^nniuni. 
Anticancer Drug Des 1998;13:519-28. 

(22) Robeason Stratford IJ, Houlbrook S. Carmichaei J. Adams GE. TTic. 
sensitivity of human tumor cells to quitione bioreducuve dru-s: what rok 
for DT-dmphor:ise? Biocheai Pharmacol 1992;44:409-1 2, 

(23) Fitzsimmons SA. Workman P, Crever M, Paull K, Camalier R. Lewis A^-. 
Reductase enzyme expression across tlie Nadonai Cnncen Institute Tumof. 
Cell Line Panel: correlation with sensitivity to mitomycin C and E09. ^ 
Natl Cancer Inst 1996;SS:259-69. 

(24; Ross D. Beall HD, Siege! D, Traver RD, G.stMson DL. Enzvmolo.y o( 

bicreduccive drug activation. Br i Qincer Su-oi 1996:27:Si-S 
(25) Schiager JJ, Powis G. Cyrcsoiic NAD(P}H : (auincne iicce-tuf-iOK-'ore^^^' 



Journd o: [he Naaona! Cancer i-sili^ze. Vol. 91, So. 22, Nove~b- !7. ir9^ 



} (29) ' 
\- 
n 

r 

(\0) !• 

C( 

(31) 51 
ot 
hi. 

(32) s^ 

ph 

[9 

(3^) H; 
u; ' 
It w 
■ of 
36f 

/jV; Wa 
tasc 
nov 
199 

^JJJ Bea 



i Of 



.10- 

SC 



nil 
i7- 

in 
\e5 

fL 

')C, 

fie 



i 



126) 

iTd) 
129) 



"ts of cigaretre .SET^oking and 



m 

(32) 

m 

04} 
US) 



t-^e 1.) numan non-a! luid tumor tissue:-- 
:Vcohoi. fnr J Cancer 1990-^5-d07-9 ' 

417-22. Qncir Chemother Pharmacol r998:4!- 

^■^-^i'^ ea. 

Anric.r,cer Dn;. ,i?iT.533'!: " '° '^^^^^ novel tar.e.. 

797-S02. sensmyuy. Cancer Res 1902;52.- 

Holford j. Sharp' S Y, Murrer T) A a i, 

= -^'-"'•^^p'a<>nX!r^,.trv 

couple. AMD473. Br J Concer 199S '^sl^t^"''''-' "'"'^^^^''p'^"""'" 
Sharp SY. Rowlands MC. Jaro^an M. Kell E,-e., f 

human ovaria,, carcinc. ce L Br J cl '"Tr 
Sharp SY. S.i.h V. Hobb. S^Ke anVL^ r";'? 
.platinum dn... resisfncL- ;n h, """'^ MRPl in 

I998;7S: IT^^SO """" Br J CancJ ■ 

Hobbs S, Jilrupakdee S, Wallace TP n^' 5 



•'by5treptcnigrin.Bioche:n Phar.n^.col 1996:i ,: 



mducrion of DNri 
645-5:^ 

=^1. Ottued KingdotT, Co-ovdin.tine Con^n 4^' '''f " °' ""'"^^ ^' 
f-^oe,,n« for the wel/x^e of ar.i,T,.ls in e.x.e":, ° ^'"'^^^ ^"'^^-^^ 
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tier, by recucins the surface ^x2r"s;Q-,"■^^'^= . ., „ 

aj^cunt or: VEGF binolng to KDR in HU^;^^f affinity or total 

enact 01 S'JSA-, emzybe due to t r-s -T^t'r ' ■ ' '''^2' cursbia 

'n cells, that ra^ains zs,oor.x:^tnrc^Z°rT:°^^^ 
k.ne.« Of alimination ofthe inhib^o. .V;iU,y un^t^S"^" 

#2843 INHIBITION OF PV a m«„^, 

AND ANTI-TUMOR ACTIVITY )N SQUAmSSs CFrr°r.'\^o,°'*'^ INHIBITOR 
woo, 2 Chen, G Dong, C V Orov^-BWo- m l^f *^ARCINOMA. J B Sun- 
Sausville, and C Van w;es ' =Se ^ -^^^^ ^ ^^^'"^^ ^ Mitchell, E 

>4es/fh, Settesrfs, MD —"<°^'^^' 1'^=. Csmbnage, MA, and NaVomI Inst of 

^^^^^^^ has an elevated oons«- 

gesting that this activation ■^mpo^^i!^t^T^'°[ ^'^^^ evidence sug- 
pro^eotion fro,. ■ionizing radiation^ AS^va ton" n"''^^^ ^"^^'°P^^"Vand 
of he ,nh>oitory protein 1^3 by7^ llT-^^S::^^^^"'^'°''^^ 

protaasome inhibitor, PS.341(LeutotitfhrT! ^*: ^^'^ ""^V. ^ novel 
antj-tumor effects were evs^Utw • "• "^^d to inhibit NF-«a and 

A SO% inhibition "^"r: s demri>^-?L"r^^"''^"'"^"S^^« 
Phoretic mobility shift assays at 10^6 ^ " ^ene and electro- 

anti-prolfferatiqn assays, demonstratL an r""^"s°"- v.ilh 
used to show that cytotoxicity was 'recSe 

transibon. Anti-tumor acBvfty w^s ate^lfr^ ^ ^'^'^ 2' ^fi^ G2/lvl 
dependent response was o Wed Because et^" 'S^ ' ^'3™''=^"' 
cycle block at G2/M and was a^l^1^ f^l^^l^lJ-J^ PS:34r induced a c4ll 
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.■•OFHSP90(Cgelika Maria Buro^^dwarS.^? CHaperonE FUNCTION 
■ r> '^«^™nT>!tf-n3rCTTR^^ ^'^^^''^ F Camaliar, David' 

■a-0/o.o/Cfr, -Frsiturg, Gan^a^an fuZ '?^'^^ '"1' -^D- Tumor 

' ";?«ylaminogelcanamycin ar^MG nIc '^o^^^ <^-^'"=">' 
id.anti7iad by the NCI which has entenS" nht«f ^ "^^ antitumor aos,Tt 

activity of geldanamycins ha^ bT=n dL-ibid A"«um 
s.s?naling proteins and nuclear homon^Tecal" hJ'^ ^^S^^ation of 
, Chaperons Hsp90. In this study tw™hCm-n m^^' ^ *eir molecular 

sen;sitive IvlEXF 276 fT/C - R°/i «^ ^ melanoma xenografts, the 17-AAG 
lines derived ther of^wer; chot n ^ r'""' "^^^^^ ^'^ = ^0%), and «^ 

dep^irtdent manner. Tumor tissues wl^eoo^lTrt^? ^ a tme and concentration- 
1 7-AAG treatment (at MTD = SOmn Wn° < ^ l!,*''"' 1 0d Under 

-odrt-ugconcentrationsXhcaSta or2th',°K^'^- ""^^ ^^^^ «P°3ed • 
■7SL., lO^M i.-, ivlEXF SI^L ceS Sv uiinn ^ k"'"" f^®' = 375nM in MEXF 
,..,.lot analysis we found Hsp90 aSnS exo^eT^w ^ Western 
2 /6 ttumors, but at lower teveisTn ras^tlnfMSF s^V"^!;'^^ 
Moreover, whilst 17-AAQ treatment did ;^t -LM^'^ ^^^ues. 
.t caussd a rapid decline of N^qn in kIS? s'^P'-^ssion in MEXF 51 ^ 

in .contrast; «s^2li7Sr^5i^^^^.^!2^^^ 
Hsp9e. depletion in MEXF 27SL ce'ls Swn ^aanomTArTTisOirSf 
was Jbse^ed 8h after druc add^bn In M= "-7S °' ""V ^-""-^"'^ 
was furttier associated with o- °t»n.r ~" '76 ussues, decrease of Hsp90' 
from 9% f48h) over 12rp2h7to 45rno1,Tn°d"r-p^ '"^^^ 
suggest, that the efilo-v VVr-t - -? ' " "^^S '''eatmeht. Our data 
chaperone function. " -^^ '° ^'^'■'^y ^c inhibit HspSO 
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#2845 ANTiCANTPD r- , ^ " — " ^ 

y ri.^I^'r^^^ ^ liposome based formulation of ET-1 S-OCH ri ri_ ■ ■ 
^-0-methyl-s/7-glycero-3-phosDhochnlin=i JJa ^'^ (1-O-octadecyl- 
trials. The L isomer of ETt^^-OCH I I'J"^'^ ^""^""^^^ Ph^se I clinical- 

previously shown the thsrape^ceffica^ o?=n^?;r'^ °' have 
mouse tumors. TTie aim of the DreTem rnvf,*" ^ ^^"^'^ experimental 

ehce in toxicity or therapeu^^ efficacv ofTu '5°" '° 
stereoisomers .of ET-IS-OCH Tn?? ^^^^ '°™"lated with L or D 

Significantly reduced tox^ compar'd to thV °' ^-^"12 

when administered once dSy ?v - 5 1 .nH n formulation 
were found to be equally effe-tiv= i-TnrnLl lobulations .of EUL-12 

murine leukemia. Howeve th^L Lmt iSo^ ^Sainst P388 
tered against astab!ished Bl6/F10 lunne h!?°f ™ *°;^"lstion, when adminis- 
tha mean number of tumor ntdus"4.en con '--^^ ^. ^ 

■posome formulation. These studrirJca?rTh':° pf, ?'^^ 
isomer of ET-18-OeH- is less to^^ Jnrt II' - ^''^ forniulatedwith thg L 
than .the D isomer llDosomfs ^^ainst B 16/F10 tumor 
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^?A^C^'^^^^^^^^-^>^ FATTY AMINES ON 

WAYS INCLUDING MAPK FAmPl^ AND CASFA^.^t^?' ^'^'^^'""'^ P^'- 
I- Ooa.-a, I. izawa. N. Yanao=wa S T-n->C^ v - • ^usuks. k. Ura 

. hikasva Mad Coll. Hokkaido Jaoan ' ' ^- Xohso, ^.sa- 

. ^SereTtfhati^^^^^^^ ^ ^--ras transformed 

apoptosis in Ki-ras transfomied f^robTa?^^:^^ °' ^ oould induce 

lines (Mol Carcinooenesis S ?^L°^ '"^ f^"™" pancreatic cancer cs!l 
■ another apoptotic mechartsm L^^fcn to 71"''^^^'' '"^^ "^^S' ^ 

sidering the chemical formuiro?FAta "lono ch'2i '^ of famesylation. Con- ' 
• may nave a critical role for this meoh-^nilm "i'n^K '^"^ ^"""^ '^^^^1" ^^oture 
lamina (OA) as LFa and exarn^ed th^ ^'f ^^°«"^«"t. we used oley- 

Ki-ras transfomied CbtesTs and hum'-n n"^ ^''^^''"'^ *° apoptosis in 

cells, apoptosis was nduced% OA and Jnk»^^ ''^th 
FA, but not in parent fibroblast MHSTaT '"='-«2sed as well as by 

caspase-debendent caspaS lnhih^oS';?w .^^J''" °A-inducsd apoptosis was 
age of activity' ^ Sominanf nec-t ^^'f JNK activation. The block- . 
cytotoxic effect of OA and S^Xbdderina OA f'9"'"==«ly abrogated the 
the upregulated ERK activity in com^asMn w t^"* decreased 

induced aooptosis kttenuated FR(?2^ f I ° °' ^NK in OA- 
required, because MSfciTpDgS'" """ "-'Sht be 
kinase .activity of Akt, whiS, ^ansduoe o2 r= "'"^ "w'f""" ''^^ 
resulted in no marked change Mumple sio'^ Jin^ Th^*^*'^ ^"'"'^^ ^'Snaling, 
■and their downstream caspLes medi-tft-hT^ ^ pathways including JNK. ERK. 
leas, in pa., in FA-lnduoed^^Je^r^^^r^^^^^^^^^ ^^s^-^. « 

lc^LllTfbN''^s''°A's°S0^^^^^^^ °' PHOSPHATIDYUNOSITOL 

CELLS. Robe.^E Fi ney ES::n S A 'Sh^^"^- 1"!^" °^ 'NEOPLASTIC 
N Wang, D Wagoone^ J W Sim^ =nH d a f ' ^ ^"^^'^n, L L Leer 

g.one, , J w Singer, and R A Lewis, Cell Therapeutics, Inc Seattle 

neoplastic cells can" exSd fordp^^^^^^^^^ Phosphatidic acid (PA) in 
agents. PA is a ke/int^rr^'Sa llor hi„t °<-=ytotoxic anti-cancer 

Phosphatidylethandam n^/^l) and ohofnh ^^^^^ P^°^Phatidylc,holina (PC), 
glycerol (DAG) IntemiS and for £oc ' P^, ""^'^^""^ '^'■°^9»' = diacyl- 
cardiolipin (CL andS ^t^no itoHP^^^^^^^^^^^ P.hosp'holipid's, • 

intennediate. In addftion'to de no^^ nrAn^ v ^ 
(L.°A), production of PA by phLoh^ipate D KaslT 
\ certain oncogenes (e.g .ras fos and^frt =r,H ilf ^""""^ ^"-ots of 
\ FQf |ns„ji_fpT 'P^' ^rid src) and growth factors (e.g PDGF EGF 

\phase''ircii;!,cS«S'dUra::d^ 

• Weased PA utilization for ? biosvn^t^f, a > ^-^ Ju' ''io^y^'^esis and in- 
bbserved in tumor cell °nes dSf^om ? ? i" P' ^'^^ 

• fted wtth cytotoxic concent^tions o7ct pss/VT^ '"^ P?""'^'^' 
|sis of the tumor cell lines 1^ cohir- J^r^^nf ' P"P'''o cyiol- 
,|ot induce aocumulation^f Pi inSS^not 4 A'^r^ ='^P'^i" 
'iene.'al conseouence nf r-hlr^^^ ^- ^ ' ^'^^ation by CT-2584 was not a 
Manism oflrtion p opra^obl'LnTnh"^^^ Consistent with this 

/irolase and PC bidsyn'tS ^wa f^'^ 
/accumulation, and was syne distic w?h pt ^.ti -'m or cell lines,. induced PI 
/pectedfrom tha biophysicarDranerfr^ L" '=^''°^°'<'oity assays. As ex- 

/ branes, CT-2584 c^tnfriu ' Pfiospholipids on cellular mem- 

-doplk3^c'fe4u^^-^1nd^.rhon"^^^^^^^ disruption and' swelling of 
I ^^^^ Of action ihvolvt-^idu^tlo-^^ptsS^^^^^^^^^^^ 

/ PRSSc.T10Vf!.Nlu1=DlY°%^^^^^ TNF-a 
Andrew S Janoff -and t'ric W-J^,! , ^^'"t" = ' " '"'"^rlS. Marina Y Pushkareva, 
^yncWion"^^^^^^^^^^^ 

■ ^^^^T^"^^:;^: ---- tK;rs;ec«: 

• efficacy. Ea-12 is cunen lv in Phir^ r ^'["♦^'"'"S or enhancing anti-cancer 
Wfro ELL-1? Zinn^ Phase I clinical trial. We showed previously that /n 

ELL-12 and lysoPC for various tfml! m, ' ^^''^ .^4^i*ifrerent concentrations of 
no Da' 1 0« esiitw,,. „K iP-^- l^2ximum 01 TNF-tr production (0 78->-017 

7m B' i -12 L«op-C or^vp^^".'"!!' °f ^-937 ce Is v^iTh 3-4 
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iNotes on 17-AAG clinical triil^ tVn«, < c/--^ / <^ 

L. Fritz -^^^^ -^I-y 2001, s4 Francisco • 

1.. Baneiji et al (Worbnan group. UK). (Abstract 326) 

PlTmiii^^^ents: HSP70 increased 

Raf decreased 

SoSSZot* '''''' ™' 
PK: at320mg/m^: Cmax = 5-10uM 
Has good xenograft data. 

No myelotoxicity even at peak doses. 
. 2. Wilson et al (NIH arm of the study) (Abstract 325) 

^^^S:t^:^^ ~ ' Jean Orem ' 

Patients entered: 
Colorectal 6 . : 

Renal .2 ' 
Various 1 each 

Total ■ 18 patients 
PD measurements: 




Regarding who at CTEP is in charge of the 1 7.AAG project: 




Louise Grachow Run. Investigative Drug Branch b CTEP 

Susan Axbuck P^r^c -n ^ 

' ^^Pon^^^^^^rs^y Section (runs i, or . . 
person we should contact ' ^ 7-A.4G. Axbuck is the 

• Dale Shoemaker . tTp,-.,„ .- ' 

He was mentioned, but I'm not stire what his role is 
Sherry Ansher . t^^.. ■. , 

her as • We liiK w™*" """"^"^^ CTEP^ ftan Grta described 

3. Munster et ai (MSKCC teaj data) (Abstract 327) 

Pan, said she'd send us the shies that comprised her poster 

iid1:e7S?L™?g*::^J,tb>l^^ IT °f "-AAG tria, He 

(Keekers had bette/gels - u, S LT^Sb'^t^^" ^^^p"' 
the best PD measurements of all the ste N<=I 'o have 
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of Androgen Receptor and ITER-l/neu and Inhibits the 
GroT^i;h of Prostate Cancer Xenografts' 
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Maria Drobnjak,. Pamela N. Miinster, 
Brian Higgins/ David Verbel, Glenn Seller, 
Wimam Tong, Carlos Cordon-Cardo, 
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Neal Rosen^ 
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Abstract 

Purpose: Ansamycin antibiotics, including 17- 
any3iimino-17-demethoxygeldanamycin (17-AAG), Inhibit 
Hsp90 function and cause the selective degradation of sig- 
naling proteins that require this chaperone for folding. Be- 
cause nratations in the androgen receptor (AH) and activa- 
tiou of HER2 and Akt may account, in part, for prostate 
cancer progression after castration or treatment >vith anti- 
androgens, we sought to determine whether an inhibitor of 
Hsp90 function could degrade these Hsp90 client proteins 
and inhibit the gr ov^th of prostate cancer xenografts with an 
acceptable therapeutic index. 

Experimental Design: The ef3ect of 17-AAG on the ex- 
pression, of Hsp90 regulated signaling proteins in prostate 
cancer cells and xenografts was determined. The p'harma- 
codynamics of target protein degradation was associated 
with the toxicology and antitumor activity of the drug. 

Results: 17-AAG caused the degradation of KEKl^ Akt, 
and both mutant and wild-type AR and the retinoblastoma- 
dependent G.^ growth arrest of prostate cancer cells. At 
nontoxic doses, 17-AAG caused a dose-dependent decline in. 
A:R, KER2j and Akt expression in prostate cancer xe- 
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nografts. This decline was rapid, with a 97% loss of HER2 
and an 8.0% loss of AK expression at 4 h. 17-AAG treatment 
, at doses sufficient to induce AR, HER2, and Akt degrada- 
tion resulted in the dose-dependent inhibition of androgen- 
dependent and -independent prostate cancer xenograft 
growth without toxicity. 

Conclusions: These data demonstrate tiiat, at a tolera- 
ble dose, inhibition of Hsp90 function by 17-AAG results in 
a marked reduction in HER2, AK, and Akt expression and 
inhibition of prostate tumor growth in mice.- These results 
suggest that this drug may represent a new strategy for the 
treatment of prostate cancer. 

Introduction 

Prostate cancer can be eradicated when localized, but sys- 
temic disease remains incurable. Androgen ablation is the stand- 
ard treatment for advanced disease, but despite dramatic clinical 
responses, virtually all of the patients relapse (1). The mecha- 
nisms responsible for disease progression after castration or 
treatment with antiandrogens are complex and not 'fully under- 
stood. The AR^ is expressed at nonnal or amplified levels in 
most patients with androgen-independent disease, and several 
gain of function mutations have been characterized (2-4). These 
include mutations within the ligand-binding domain that alter 
Iigand-bmdmg specificity and have been associated with clinical 
progression after antiandrogen therapy (4). 

In a majorit>' of cases, changes in tlie AR gene have not been 
identified suggesting that other mechanisms must be involved. 
Recent studies show that activation of receptor tyrosine kinase 
signaling pathways leads to phosphorylation of steroid receptors 
and their activation in a jigand-independent manner (5-8). In one 
experim.ental system, selection for prostate tumor cells that grow at 
low levels of androgen was associated witia overexpression of the 
KER2 receptor tyrosLne kinase. (9). Tnus, prostate cancer tumor 
growth after castration or treatm.ent with hormone receptor antae- 
cnists may be mediated by /^JR. mutation or its ligand-independent 
activation by upstream tyrosine khiase pathways. 

Ansamycin antibiotics, exemplif ed by GM, are natural 
products that bind to a conserved pocket in the Hsp90 family of 
chaperone proteins (10-12). Hsp90 is not required for general 
cotranslational protein folding but does play a role in the re- 
. folding of proteins in cells exposed to stress (13, 14). It is also 
required for the conformational matiiration of Raf and steroid 
receptors (15, 16). High concentrations of ansaraycins prevent 



^ The abbreviations used are: AR, androgen recepcor; GM, geldanamy- 
cin; 17-A.AG, 17-allylamino-r7-dcmethoxyge!danamycin: RB, rccino- 
blasto.rna: PI3k, phosphatidyl inositol 3 -kinase: i\l'\?K. miroeen-ac;!- 
vatcd protein kinase; EPL, cgg-phosphoiipid; PSA, prostate"'5pccific 
aiiriacn. 




Geldanamycin (GM) 17-AAG 

^i^. / Structures of GM and 17-AAG. 



the binding of Hsp90 to its target proteins, which then cannot 
achieve their mature conformation (17). In addition, binding of 
ansamycins to the Hsp90-unfolded protein complex stabilizes 
the complex by preventing the ATP-dependent release of the 
chaperones (18, 19): The unfolded proteins in the complex are 
then ubiquinated and targeted for degradation in tlie proteasome 
PO, 21). 

Occupancy of the Hsp90 pocket by GM causes the degra-' 
dation of several signaling proteins important in mediating 
prostate cancer growth. These include AR and members of the 
HER family of receptor tyrosine kinases (15, 18, 20-22). Here 
we show that treatment of prostate cancer cell lines with the GM 
derivative 17-AAG (Fig. 1) results in the degradation of HER2, 
and both wild-type and mutant AR, grov^-th arrest, and aji 
RB-dependent G^ block. Furtheimore, at nontoxic doses, 17- 
A.AG induces the degradation of AJl and KER family tyrosine 
kinases in prostate tumors, and inhibits their growth. These data 
suggest that 17-AAG is effective in inhibitmg pathways re- 
quired for the growth of advanced prostate cancer. Moreover, 
ansamycins can inhibit H3p90 function in mice without ^oxici^y 
and, thus, may represent a new strateg}^ for the treatment of this 
disease. 

Materials and Methods 

Materials- 17-AAG (NSC 330507) was obtained from 
the Drag S^T^thesis and Chemistry Branch, IDevelopmental 
'Therapeutics Program, National Cancer Institute (Bethesda, 
K^). Drug was dissolved in DMSO to' yield 10 and 50 
mg/'ml stock solutions, and stored at -20''C. The following 
antibodies were used: Akt (Ceil Signaling, Beverly, MA: i :500), 
AR (PharMmgen, San Diego, CA; 1:250 for immunoblot and 
1:100 for immunofluorescence), PIER2 (Santa Cruz Biotechnol- 
ogy, Santa Cniz, CA; C-IS, 1:1000), HER3 (Santa Cruz Bio- 
technology; C-17, 1:1000), Hsp70 (StressGene, Victoria, British 
Columbia, Canada; 1:1000), Hsp90 (StressGene; , 1:1000), 
MAPK (Cell Signaling; 1:1000), p85 subunit of PI3k (Upstate 
Biotechnology, Lake Placid, NY; 1:2000), and RB (Phar- 
Mingen; 1:1000). 

Cell Culture. The human prostate cancer cell lines 
LNCaP, DU-145, and PC-3 were obtained from the American 
Type Culmre Collection (Rock^'ille, MD) and maintained in 
RPMI 1640 supplemented with 5-10% heat-mactivated fetal 
bovine serum, 2 mM glutamine, and 50 units/ml of penicillin and 
streptomycin in a humidified 5% CO^/air atmosphere at 37X. 



LAPC-4 was generously provided by Charles Sawyers (UCLA. 
Los Angeles, CA) and maintained in Iscove's modified Dulbec- 
co's medium supplemented with 10% feral bovine serum and 10 
nM R1881. 

For the Alamar Blue proliferation assay, 2-4 X 10^ cells 
were pjated in 96-weU plates. Later (48 h), cells were treated 
with 1 y-AAG for 96 h or 0.0.1% DMSO as control. On day 4. 
Alamar Blue viability assay (AccuMed, Westlake, OH) was 
performed as described elsewhere (23). IC50 and IC90S were 
calculated as the doses of 17-AAG required to inhibit cell 
growth by 50 and 90%, respectively. Cell cycle distribution was. 
assayed as described previously by Nusse ec al. (24) with a 
Becton Dickinson fluorescence-activated cell soner and' ana- 
lyzed by the Cell Cycle Multicycle system (Phoenix Flow 
System, San Diego, CA). 

Immunoblotting. For immunoblotting, ceils in culture 
were harvested in medium, washed twice, in PBS, and then 
dissolved in SDS lysis buffer [50 mM Tris-HCl (pH 7.4) and 2% 
SDS], boiled for 10 min, and sonicated briefly. Cell lysates were 
cleared by centrifugation at 14,000 X g for 10 min, and super- 
natants were collected as the experimental samples. Lysates 
were added to sample buffer [0.3 125 m Tris-HCl (pH 6.8), 1 0% 
SDS, 50% glycerol, and 77.5 rag/ml DTT], and equal amounts 
of protein were resolved by SDS-PAGE and transferred to 
nitrocellulose membranes. Blots were blocked "in 5% nonfat 
milk in Tris-buffered saline [0.1% Tween 20, 10 mM Tris (pH 
7.4), and 150 mM NaCl] and subsequently probed with the 
antibody of interest After incubation with horseradish peroxi- 
dase-conjugated secondary antibodies, proteins were visualized 
by chemiluminescence (Amersham Corp., Piscataway, NJ). To 
prepare lysate from xenograft tumors, tumor tissue was homog- 
enized in 2% SDS lysis buffer for 30 s then processed as above. 

^ Immunofluorescence. For immunofluorescence, 5 X 
10^ cells were plated onto fibronectin-coated chamber slides 
(Fisher Scientific). Cells were then incubated with 17-AAG, 500 
nM, or 0.01% DMSO (control). At the indicated time points, 
slides were washed twice \^dth ice-cold PBS, and fixed with 
methanol and acetone sdlutibii (l-:!) for 5 min. Fixed monolay- 
ers were rehydrated with water and then blocked with 3% BSA 
in PBS" solution. After nonspecific blocking, cells were incu- 
bated with anti-APs. monoclonal antibody in 1% BSA in PBS at 
room temperature then washed three times with PBS. Monolay- 
ers were then incubated with an Alexa-488 conjugated second- 
ary antibody for i h at room temperature. Nuclei were stained 
with 0,5 ug/mi bis-benzimide (Koechst 35342). 

Animal Studies: Four- to six-week old mi/nu athymic 
male and female mice were obtained from the National Cancer 
Institute-Frederick Cancer Center (Frederick, MD) and main- 
tained in ventilated caging. Experiments were carried out under 
an Institutional Animal Care and Use Committee-approved pro- 
tocol, and institutional, guidelines for the proper and humane use 
of animals in research were followed. Before administration, 
17-AAG was dissolved in an EPL vehicle developed for this 
purpose by the National Cancer Instimte. To aid m the identi- 
fication of an optimal dose and schedule, nontumor bearing 
mice were treated by i.p. injection with 25-200 rag/kg of 17- 
AAG 5 days/week for 3 weeks or by the EPL vehicle alone. 
Semm samples were taken from each group, and equal volumes 
were pooled on days 5, 10, and 15 of tream^ent for serum 
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Fig. 2 17-AAG treatment of 
prostate cancer cell lines causes 
an RB -dependent cell cycle ar- 
rest. LAPC-4 (wild-t>-pc RB), 
LNCaP (\Yi3d-type RB), and 
DU-] 45 (mutant RB) cell lines 
were treated with 0 (0.01% 
DMSO), 100, or 250 nM 17- 
. AAG for 4S h. Cell cycle dis- 
tribution was assessed by fluo- 
rescence-activated cell sorter 
analysis. LAPC-4 and LNCaP 
cells an-ested in G^, By iminu- 
nofluorescent staining, DU-145 
cells arrested in mitosis (DNS). 



chemistry and liver function analysis. At sacrifice, .plasma sam- 
ples were collected for complete blood count A gross necropsy 
was perfonned on all of the mice, and a complete necropsy, 
including histopathology, was perfonned on 1 animal/group. 

* ^ Male animals were inoculated s.c! with minced tumor tissue 
from donor mice bearing the androgen-dependent CWR22 xe- 
nograft line. Females were inoculated in the same way with the 
androgen-independent xenografts CWR22R and CWTLs'a6. These 
variants v/ere derived froin ^Jmors that regrew after castratior- 
induced regression of CWR22 tumors .(25). Tumor cells were 
injected together with reconstituted basement membrane (Matrigel; 
CoTJaboi-ative Research, Bedford, ViA), To raaintam stable se^ni 
testosterone levels, 12-5-mg 90-day sustained release testosterone 
pellets (Innovative Research of America, Sarasota, FL) were placed 
sx. before inoculation with androgsn-dependent tamor. Tumor 
dimensions were measured twice a week with vernier calipers, and 
tumor volumes were calculated with the formula: ir/^ X larser 
diameter X (smaller diameter)^. Mice with established tumors 4-5 
mm in diameter were selected for study {n = 5-8 per treatment 
group). All of the mice received Augmentin (AmoxicillriL'Cla^'u- 
lanate potassium; SmithKline Beecham) hi their drinlcing water 
while on tlierapy. Mice were sacrificed by CO2 euflianasia. 

Both continuous and intermittent dosing schedules were 
studied. The "continuous" dosing schedule involved exposure to 
dmg 5 days/week for 3 consecutive weeks. In the "intermittent" 
schedule, mice, were treated with one 5-day cycle and then 
■monitored for tumor progression. At progression, mice were 
treated with a second 5-day cycle of .drug. In experiments with 
the androgen-dependent C\VK22 tumor, serum PSA levels were 
measured with the PSA Assay kit (American Qualex Antibod- 
ies, San Clemente, CA). 

In experiments designed to define the pharmacodynamic 
effects of i7-AAG on AR and HER-kinase expression, mice 



with established tumors were treated ^ath 17-AAG at the doses 
specified or with EPL alone. At the time of sacrifice, serum was 
collected, and tumors were flash frozen or fixed in 10% buffered' 
formalin. Immunohistochemistry for AR (clone F39.4.i; 2 iLg/ 
mi; BioGenex, San Ramon, CA) and HER2 (Here epT est; 
DAKO Corp., Carpinteria, CA) were perfonned as described 
previously (25, 26). Serum concentrations of 17-AAG and 17- 
amino-17-demethoxygeldanamycin were detennined by high- 
performance liquid chromatography based on the method of 
Egorin et al. (27). 

Statistical Analysis. A pennutation test was used to 
compare the average tumor volume over time bet\vecn groups^ 
using 5000 resamples. The null hypothesis of this test is- that 
there is no difference in the change in tumor volumes over time 
between .treatment groups. The statistic used to test this hypoth- 
esis was the sum of the squared differences between mean tum^or 
volume summed over all time points, which in effect, compares 
the trajectories of tlie average tumor volume beuveen treatment 
groups. It is defined as follows: 

k 

1=1 

where there are k time points and X; and y. are the average tumor 
volumes at time i in each treatment group. Tlie Wilcoxon 
sum-rank test was used to compare treatment and control group 
serum PSA values. 

Results 

17-AAG Inhibited Prostate Cancer Cell Proliferation 
by Causing an RB-dependent Growth Arrest. 17-A.AG 
is a less toxic derivative of GM now in clinical trial We found thai 
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Fig. 3 Effect of i 7-AAG on signaling proteins in LN'CaP and LAPC-4 
prostate cancer cells. Cells were treated for 24 h with 1 7-AAG at the 
indicated doses or DMSO (0.01%) as control. By immunoblot 17-AAG 
caiised a dosc-dcpcndcat decline in AR, HER2, KER3, and Akt expres- 
sion and hypophosphorylation of RB. Levels of Hsp70 and Hsp90 were 
increased. No change in p85 PI3k or MAPK expression was noted. 



17-AAG inliibited the anchorage-dependent growth of foitr repre- 
sentative prostate cancer cell lines. Ajfter 96 h of exposure, IC50S 
ranged &cm 25-45 nM (LNCaP, 25 dm; LAPC-4, 40 dm; DU-145, 
45 HiVi; and PC-3, 25 nM). At doses that caused complete, growth 
airest (75-125 nM for LNCaP and LAPCA; and 150-200 nM for 
DU-145), prostate cell lines with intact RB (LNCaP, LAPC^, and 
PC-3) arrested in Gj after 17-AAG treatment, whereas DU-145, an 
androgen-independent ceil hne with mutated RB, arrested in mito- 
sis (Fig. 2; data not shovvn). Growth arrest was accompanied by 
hypophosphorylation of RB (Fig. 3). These data are consistent with 
previous results in which we showed that the ansamycin Herbimy- 
cin A ca'jsed an RE-dependent Gj block ^."Ith RB-negative cells 
undergoing arrest in prometaphase (28, 29). 

17-AAG Caused the Down-Regulation of HER2, HERS, 
aii d AR. Mddulafidn dfHsp9 0 fmictioh by ansamycihs causes 
the proteasomal degradation of a subset of cellular proteins. 
Most proteins and mRNAs are unchanged, as detemiined by 
evaluating multiple specific control proteins (PI3k and MAPK 
in Fig. 3 and DNS), the lack of change in the patterns of total 
cellular protein expression (DNS), and microarray analysis (30). 
HEX12 is expressed at significant levels in both LAPC-4 and 
LNCaP, and is one of the most sensitive and rapidly degraded 
targets of 17-AAG (Fig. 3). HER3 and Akt levels also declined 
after 17-AAG treatment 17-AAG increased the expression of 
the heat shock proteins Hsp90 and Hsp70.. 

Both wild-type AR (LAPC-4) and the Thr877Ala AR mutant 
found in LNCaP are sensitive ts> the drug as determined by immu- 
noblot -(FigS: 3 and 4). Exposure to 500 nM (24 h) of dmg resulted 
in a 91% reduction in wild-type AR and a 92% reduction in the 
Thi877Ala AR mutant expressed by LNCaP cells. In LNCaP cells 
grown in serum-supplemented medium, most AR resides in the 
nucleus. Six and 12 h after 17-AAG tj-eatment nuclear AR staining 
was lost, and only faint cytoplasmic staining could be identified 
(Fig. 4). By 24 h, AR staining was again apparent with 52% of cells 
demonstrating detectable levels of nuclear AR by immunofluores- 
cence. The intensity of nuclear AR staining within this population 



was heterogeneous witii only 10% of cell demonstrating nuclear 
AR staining equivalent to control levels (Tie. 4). 

Toxicology Studies. The degradation of mutant AR and 
HER2 by 17-AAG suggests that this agent may be useful in the 
treatment of advanced prostate cancers. We sought to determine 
whether inhibition of these pathways could be accomplished in 
vivo with nontoxic doses of 1 7-AAG. The GM-Hsp90 domain 
has been studied in various species (yeast, bacteria, Drosophila, 
mouse, and human) and is highly conserved across species (11). 
Specifically, human and murine Hsp 90a have >99% homol- 
ogy. Therefore, we evaluated the toxicity profile and pharma- 
cology of 17-AAG in tumor and nontumor bearing mi/nii athy- 
mic mice. 17-AAG is metabolized by hepatic microsomes into 
at least five metabolites (27). The major metabolite, 17-AG, is 
active and is equally potent in degrading HER2 and AR in 
LNCaP and LAPC-4 cell lines.*^ We measured 17-AAG and 
17-AG plasma concentrations after i.p. administration of one '50 
mgAcg dose. 17-AAG was rapidly absorbed, and peak levels of 
>10 fLM were achieved within 30 min. Serum levels of 17-AG 
>1 \LU were also detectable by high-performance liquid chro- 
matography. Both 17-.AAG and 17-AG were then rapidly 
cleared with no detectable plasma levels 8 h after injection. 

We found that the maximally tolerated dose of 1 7-AAG was 
schedule dependent and higher in control mice than' in tumor- 
bearing mice. In nontumor bearing mice, treatment with three 
consecutive 5-day cycles of 75 mg^-lcg or more caused toxicity as 
evidenced by weight loss, elevated liver transaminase levels, ane-- 
mia, and death (1 of 4 mice at the 75 mg/lcg dose level, 3 of 4 mdce 
at 125 mg/kg, and 4 of 4 mice at 200 mg/kg). Necropsy of niice 
after treatment with 17-AAG or the vehicle alone revealed perito- 
nitis, possfoiy related to the i.p. route of administration, but no other 
gross or histological abnormahties. With less frequent dosing, up to 
150 mg/kg/day of drug could be safely administered without evi- 
dence of toxicity (weight loss or death). 

17-AAG C^LXiss^d. a Reduction in AR, HER2. and 
Expression in Prostate Cancer Xenograft Tumors. To de- 
temiine whetiier nontoxic doses of 17-AAG could induce down- 
regtil'ation of AR and HER kinases 171 vivo, we 3"tiidied the 
effects of 17-AAG on the expression of these cellular proteins in 
the CWR22 xenograft model. In CWR22, the AR contains a 
mutation (hist;dine->tyrosine at residue 874) located within the 
Hgand-binding pocket (31). Despite this mutation, androgens are 
still required for the growth of this tumor. Castradon of CWR22 
tumor-bearing mice causes mraor regression followed 80-200 
days later by a resumption of mmor growth (25). Several of 
these variants have been serially passaged, and two (CWR22R 
and CwTlSA6) were selected for additional use. 

We treated mice bearing CWR22 or CWRSA6 (androgen- 
independent) tumors with 25 or 50 mg/kg 1 7-AAG or EPL 
diluent for 4 days. After the final dose (8 h), the mice were 
sacrificed and the tumors removed. Four days of 17-AAG treat- 
ment resulted in a dose-dependent reduction in the expression of 
AR, HE.R2, HER3, and Akt (Fig. SA] CWR22 DNS). A dose of 
50 mg/kg resulted in an 87% decline in AR^ a 85% decline in 
HER2, a 50% decline in HERB, and a 60% decline in Alct 



^ F. Zheng, unpublished obscrv-ancris. 
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Fig. 4 Immuno'fluorcscent 
staining of LNCaP cells for AR 
expression. Six and 12 h after 
treatment with 17-AAG (500 
nw) LNCaP cells demonstrate a 
loss of nuclear AH expression. 
By 24 h a heterogeneous cell 
population is apparent with 
52% of cells demonstrating at 
least partial recovci-j' of. AR. 
stainine. 



expression in CWRSA6 tumors. Treatment was also associated 
with an 8-fold increase in Hsp70 and a 1.5-fold increase in 
Hsp90 levels. No change in the expression of PI3k was noted. 

To characterize the kinetics of this effect, mice with well- 
estabiished CWRSK6 tumors of comparable size were treated 
with a single dose of 17-AAG 50 nig/kg and sacrificed pretreat- 
ment and from 2 to 48 h afterward. A rapid, >50% decline in 
AR, HER2v and HER3 expression in the tumors was noted by 
2 h (Fig. SB). The maximal declines in AJl and HER2 were 
noted at 4 h: a 97% reduction in HER2 and an 80% reduction in 
AR, By 24 h, AR expression returned to near baseline levels, 
whereas a rise in HEI12 expression was not noted until 48 h after 
drug administration. The kinetics of HER2 recovery was similar 
in mice treated with 3 or 5 consecutive days of 17-AAG with its 
expression retarnihg to near control levels 48 h after the final 
dose of therapy (D^NS). With a single dose of therapy, the effect 
of 17-AAG on Akt expression was more delayed and less 
pronounced (maximum decline of 35% at 8 h) than that seen 
with AR, HER2, and HER3 (DKS). 

In untreated CWRSA6 tumors, AjR staining was compaxtmen- 
ralized in me nucleus (Fig. 5Q. The firequency and intensity of this 
staining was diminished 4 and S h after i7-AAG administration. A 
steep decline in the mitotic index and a loss in membranous HER2 
staining were aiso apparent at these time points. These data dem- 
onstrate that at nontoxic doses, 17-AAG induces the degradation of 
AR, HER2, HER3, and Akt in prostate tumors. 

17-AAG Inhibited the Growth of Androgen-dependent 
and An dro gen-independent Prostate Cancers. Wc studied 
the effects of two different dosing schedules of 17-AA'G on the" 
growth of Cmai, CWRSA6, aiid CWR22R tumors. The in- 
termittent schedule consisted of a 5 -day treatment cycle fol- 
lowed by a second cycle when defmitive evidence of tumor 
regrowth occuTred. The continuous schedule was comprised of 
three consecutive weekly 5-day cycles. Both regimens caused a 
dose-dependent delay in xenograft tumor growth in all three 
models (Table 1; Fig. 6). For exan:iple, with the continuous 



schedule, 50 mg/kg 17-AAG caused 80% growth inhibition of 
CWR.SA6 tumor growth when assessed on the day the controls 
required sacrifice [Table 1; Fig. 6A. mean tumor volume (treat- 
ment group) vers'ds mean tumor volume (control) on day 29; 
P < 0.01]. With the intermittent schedule, 17-AAG caused'87% 
growth inhibition of CWRSA6 tumor growth (Table 1; Fig. 6^; 
P < 0.01). Similar results were noted with tlie parental CWR22 
model and with a second androgen-in dependent subline 
CWR22R. Furthermore, in mice bearing CWR22 Uimors, 17- 
AAG ti-eatment (50 mg/kg dose 'level) was associated in an 
--60% reduction in serum PSA (Day 25 semm PSA; intermit- 
tent schedule: 61% reduction versus conti'ol, P < 0.01; contin- 
uous schedule: 62% reduction, P < 0.01). These data demon- 
strate that at tolerable doses, 17-AAG inhibits the growth of 
prostate cancer ceils in vivo. Additionally, growth inhibition 
correlates with a reduction in HER2, HER3, Akt, and the jnu- 
tated AR (His874Tyr) expressed in the tumor. 

Discussion 

In this report, we examined the effects of i7-AAG on 
prostate cancer growth using a panel of prostate ceil lines and 
-the CWR22 xenograft model. 17-AAG is a less-toxic derivative 
of the ansamycin GM and is now in clinical trial. We found that 
17-AAG causes the selective degradation of a subset of proteins, 
many of them involved in mitogenic signaling. These included 
both wild-type (LAPC-4) and mutant (LNCaP, CWR22) ARs, 
and the HER2 and HEB3 receptor tyrosine kinases. The expres- 
sion of Akt, which is downstream of HER2 and which may 
modulate AR signaling in tumors with HER2 overexpression, is 
also down-regulated by the drug (8). Most cellular proteins 
including iVLAPK and PI3k were unaffected. 

We have shown previously that exposure of cancer cells co 
the ansamycins GM and herbimycin A leads to a loss of cyclin 
D-associated kinase activity and an RB-dependenT growth 
arrest (28). Cells lacking RB-function progress throvigh G, 
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ble J Effect of coriuiiucus and iutcrmittcnt dosina schedules of 
17:AAG on the growth of CWR22, CWR22R ancTcWRSAe 
■ xenografts. 



Tumor 


Dose 
(mg/kg) 


Dosing regimen 


Percent (Vo) " 
luhihition (day) 


P 


CWR22 


25 ■ 


Continuous 


42 (24) 


<0.01 




50 


Continuous 


67 (24) 


<0.01 




50 


. Intcnnittent 


51 (25) 


0.01 


CWRSA6 


25 


Continuous 


56 (29) 


0.07 




50 


'Ccntii-iuous 


80 (29) 


<0.01 




50 


Tntennittent 


87 (30) 
49 t2i) 


<0.0I 


Cwll22R 


25 


Continuous 


O.Oi 




50 


Continuous 


63 (21) 


~ 0.02 




50 


Intcrrnittent 


67 (22) 


<0.01 



n-ormally in the presence of dnig and arrest in prometapHass 
before undergoing apoptosis. D-cyclins are not direct targets of 
ansamycins, but their expression is controlled at the post-tran- 
scriptional level by a PI3k/Akt kinase-dependent pathway (32). 
Consistent with these findings, LNCaP and LAPC-4 (wild-type 
RB) cells arrested in G,, whereas DU-145, a cell line with 
mutant RB, arrested in mitosis. 

We found that 17-AAG treatment reduced the expression of 
AR in prostate caiicer xenografts and inhibited the grovvth of both 



■androgerx-dependcnt and -independent ^amGr3. The maxirn'om ef- 
fect of 17-AAG on AR. expression in tlie tumors wels evident 4-8 
h after treatment with receptor levels returning .to baseline by 24 h. 
The degradation of wild-type and mutant AR by drug suggests that 
this Glass of agents may be particularly effective m the treatment of 
advanced androgen- independent prostate cancer. The mechanisms 
responsible for, the emergence of androgen-independent disease arc 
complex and not fully understood. In a subset of patients treated, 
with AR antagonists, clinical progression is associated with AR 
gene amplification or mutation (4, 53). AR ampufcadon may 
result in sufncient .AR pathway activation to allow for tumor 
growth at low levels of testosterone. Mutations in AR may convert 
antagonists into agonists or lead to constitutive ligand-independent 
activation of the receptor. For example tlie missense mutation 
(Thr877Ala) found in LNCaP ceUs has been identified in patients 
•treated previously with flutamide, and this AR'exliibits altered 
ligand specificity (4). Hydroxyflutamide, adrenal androgens, and 
estrogens induce its activation and promote cell growth. In some 
patients, tumor regression may occur after flutamide withdrawal (4, 
34). These data suggest that mutation or overexpression of AR may 
play a role in the progression to an androgen-independent state. 
Although the antiproliferative effects of ansamycins may be mul- 
tifactorial and the result of inhibition of AR-independent pathways, 
the abihty of ansamycins to degrade mutant as well as wiid-t\'pe 
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forms of AR suggest iiiat they may be useiul in the treatment of 
such patients. 

In most patients whose tumors relapse after hormonal therapy, 
mutations or ampHfication of the AR gene have not been identified! 
Several recent studies suggest that modulation of AR activity by 
growth factor activated tyrosine kinase pathways allows for pros- 
tate cancer. growth at low androgen levels. The epidermal growth 
factor, insulin-like growth factor-I, keratinocyte growth factor, and 
intsrieukiiT 6 ail induce AR. phosphoiylation and the exi^ression of 
PSA, a downstream target of AR (6, 35). Several lines of evidence 
suggest that HEK2 may be important in this process. HER2 over- 
exprcssioii and gene ampliScation have beeil idehriSed in a subset 
of patients with prostate cancer (36, 37). HER2 ovcrexprcssion.is 
more common in patients treated previously with hormonal therapy 
and those wiih androgen-independent metastatic disease (37). 
CWR22 and LNCaP both express high levels of HER2, and Her- 
ceptin (Trastuzumab), a humanized monoclonal antibody that binds 
to KER2, inhibits the growth of these xenografis (26). A mecha- 
nism for this effect has been proposed by Yen et al (7) who 
demonstrated that HER2 activates AR by inducing its phosphor- 
ylation by MARK. As 17-AAG targets both the AR and HER2 for 
degradation and thus inactivation, tumors that depend on tyrosine 
kinase pathway-mediated phosphorylation of AR for growth and 
survival after androgen ablation may be particularly sensitive to 
this agent 

Akt, which is downstream of HER2, also phosphorylates AR 
and may modulate AR signaling in tumors with HER2 overexpres- 
sion (8). We found that 17-A.AG down-regulated the expression of 
AJct in a dose-dependent manner in the xenograft tumors, although 
this effect was delayed and of a lesser degree than the effect of 
17-AAG on AR and HER2. Hsp90 has been reponed recently to 
associate with Akt and regulate its activit>' (38). Therefore, Akt 
-may be a direct target of 17-A.AG. AJtematively, the reduction in 



Akt expression caused by 17-AAG could be secondary to down- 
regulation of other pathways by the drug. 

In this repon, we show that 17-AAG, an inliibitor of 
Hsp90 function, delays the growth of prostate tumors in vivo at 
tiontoxic doses. The inhibition of growth correlated with re- 
duced expression of AR and HER-family kinases in the tumor. 
The results suggest that ansaraycins may represent a new stratr 
egy for tht treatment of advanced prostate cancers that depend 
on A_R mutations or activated t^Tosine kinases for tumor pro- 
gression. Hirman trials to evaluate the efficacy of 17-AAG in 
this setting are now in progress. 
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Enhancement of Paclitaxel-Mediated Cytotoxicity in 
Lung Cancer Cells by 17-AlIylamino Geldanamycin- 
In Vitro and In Vivo Analysis 

DaoM. Nguyen, MD, Dominique Loran" PhD G A!.r„„ rr.^ 

Sit^SSSSSSa?— ^^^^^^ 



Backsror^r,d. It has previously been demonstrated that 
l/-aUyIamino geldanamycin (a7-AAG) enhances padi- 

S;;ri '^'°'°'^'^'y ^^^^ io^^esuU^s v.Lj^r 

endothelial factor expression in non-small cell lung can- 
, cer Ths project was designed to evaluate the tumoiicidal 
and aatiangiogeneic effects of 17-AAG and paclitaxel in 
h3a8 .on-small cell lung cancer cells grown as xeno- 
gratts m nude mice. 

Methods. In vitro cytotoxic drug combination effects 
were evaluated by (4. 5-dimethylthiazo-2-yl)-. S-drphe" 
nyl tetrazolium bromide-based proliferation assayJ^e 
combmations of 17-AAG and paclitaxel were adminis- 
tered m.apentoneany in nude mice bearing H358 tumor 
xenografts. Tumor volumes were measured weekly Tu- 
mor expression of erbB2, vascular endothelial cell g^;wth 
fac^tor von WiUebrand fktor (tumor microvasculature 
an- ac.vated caspase 3 (apoptosis) were determined by 
immunohistochemistiy. 

Results. Five- to 22-fold enhancement of paclitaxel 
cytotoxicity was achieved by pacUtaxel + 17-AAG com- 
...^ „„s i.».^eled with marked induction of 
apoptosis. This combination treatment profoundly sup- 



pressed tumor growth and significantly prolonged sur- 
.vivJ of mice bearing H358 xenografts. Immunohisto- 
chemical staining of tumor tissues indicated profound 
reduction of vascular endothelial cell, growth factor ex 
pression.associated with reduction of microvasculature 
in tumors treated with. 17-AAG. Apoptotic ceUs were 
inore abundant in tumois treated with 17-AAG 4- pacli- 
" '''' ""^"^ "^"^ ^^'"^^ °^ paciitaxel 

C^ncWons. Concurrent exposure of H358 cells to 
17-.AAG and paclitaxel resulted in supraadditive growth 
inhibition effects in vitro and in vivo. Ar,alysis of molec- 
ular markers of tumor tissues indicated that therapeuttc 
drug leve s could be achieved with this chemotherapy 
regimen leading to significant biological responses 

Moreover, 17- AA.G-m e'li' t-'' s' -e ^ 

T 1 Ti -"—■'-'^"•Sui.jjiession of vascular en- 
dothelial cell growth factor production by tumor cells 
may contnbute to the antirunior effects of this dm. 
.combination in vivo. * ° 

CAom Thorac Surg 2001:72 '3 71-9) 
© 2001 by The Society of Tlioracic Surgeons 



]VJon-small csU lung cancers (NSCLC) feequenfly ex- 
^- K- A'l'i"''^"'" '° <^«inotherapy and ionizing ra- 
diation. Although dose-intensive regimens may increase 
response rates, they are frequently assodaf»-1 with ==- 
vere systemic side effects. Treatment strategies des^c^V,^ 
to sensitize tumor cells to chemotherapeutic agents"^; 
radiaaon therapy may allow dose red"rt^-" thereby 
toushing systemic toxicity of cancer treatm^ts". 

the molecular basis of chemoresistance in cancer is 
complex and appears to involve both genetic and epige- 
^ehc factors, including overexpression ' of erbBl and 
epidermal growth 'factor receptor 
tGFr) and the orphan receptor HER2/neu respectively 
inhibition of the function or the expression of the EGFr or 
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HER2/neu sensitizes tumor cells, J-nM^dij,- --i---- ^ 
NSCLC histology, to standard cytotoxi7age^ts"such as 
asp^aUn or paditaxd [1-3]. Previously we demonstrated 
...a. se..siti vity to paclitaxel conoid be enhanced in NSCLC 
ceLs overexpressmg erbB2 after treatment with 17- 
auyiamino geldanamycin (r7-AAG) W. Th;. =<.„„f j^^j 
been selected for dinical development at the National 
Cancer Institute because of its activity against cell lines 
denved from a variety of human malignancies [5, 61- 
anbtumo, effects of this compound relate in part t; it^^ 
abdity to mkbit the expression of various oncoproteins 
mdudmg EGFr and HER2/neu at nanomolar to micro- 
molar concentrations [6, 7]. 

Overexpression of EGFr or HER2/neu oncoproteins in 
lung, esophageal, breast, and ovarian cancers corrolates 
with locaUy advanced disease, distant metastases, and 
iminished survival in patients with these maHgnancies' 
LS-IOJ. In vitro experimental data indicate that tumor 
ceUs overexpressing these oncoprocems exhibit one or 
more pnenotypes associated with local invasion or dis- 

C0Gj-4975,'01.'S20.G0 
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meUl^p,o e..ases and vascular end^ 

1 "^^^ accalerated invasion through 

. arhfiaa extaceUuJar xnatrix [11-13]. Conceivably Lh^ 

anhbod.es. wh.ch antagonize receptor Hgand bind- 

e.fabi/erbB2 expression, may effectively reduce the met- 

^Nrctc^ctn^wiS^^^^^ 

^ ^^'-^ i7-AAG at nanomolar concentra- 

J^Gptd "t'^ ^ suppress"" 

- rSvVH ^^f^,^«'^°P^ot^i^ase-9 secretion, as weU 
c ulr S r'^'^ through, the artificial extra- 

fte LtitL ' T" ^"^^^^ partic^ari; 

the anfa^^ogenic effects of 17-AAG -mediated suppres- 
sion of VEGF production, have not been defined. ^ 
eiftr, 7''T' *° the iP. vivo 

SsS mS?""" "^"^ ''-^^ ^-^^^-'S --de mice bearing 
H358 NSCLC xenografts. Herein, we demonstrate thaf 
dlno treatment mediates profound retar- 

dation of t-omor growth, and significant prolongation of 

STIg " mr'™^ - -tro Lets o 

17-AAG on H358 cells were closely reproduced in vivo- 

correlated with reduced' tumor capillary density in ani- 
mals receiving treatments containing ly.AAG. Apoptosis 

wfi^ri A r"°"^"v "'""^^'^ amnals^treated 
- Paditaxel. CoDecHvely these data sup- 
pa^^'t'eT,^ ^--fi^-tion of 17-AAG in combination wiA 
pacJitaxel in lung cancer patients. 



Material and Methods 
Cells and Reagents 

"^!i"r,''''' P-chasedfrom American 
lissue Culture CoUection (Manassas, VA). CeUs were 
m^tamed in RPM media supplemented with glu- 

UOO U/^L), and 10% of fetal calf serum. Normi human 

<^o.p (W^alkersyiUs, MD) ajid mai-tained in bronchial 
epithelial cell basai media (Clonetics Cor-) tu "i^J^rr^ 
obtained from the Drug Synthesis 8. ciZl^^B::::^ 
Developmental Therapeutic Program, Di^.ision of Cance; 
Treataent, iMational Cancer Institute, Bethesda, MD, was 
dissolved in dimethylsulfoxide (DMSO) to yield a 100 
.amol/L stock solution and stored at -70'C. ITie selective 
■ erbB2 tyrosine Idnase inhibitor AG825 was obtainedfroih 
Calbiochem/Oncogene Research Products (Cambridge, 
MA) disso ved m DMSO, and stored as 10 mmol/L stoci; 
solution. All experiments involving these two com- 
pounas were performed under subdued Hght conditions. ■ 
Paditaxel (TaxcJ USP) was purchased from Bristol- 
-Myers Squibb (Princeton, NJ). i5-DimethvltWazo-^-yl- 
-.b-diphenyl tetrazblium bromide was purchased from 
Sigir-a (St. Louis, MO). Recombinant human epidermS 
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SZ^Bf anf ^? ^^^P- Poiis, MN) and the 

anti erbBl and anti-eroB2 monoclonal antibodies (Cal- 
biochem/Oncogene Research Products, Cambridge M^ 

aTJcTre^o " ^^^^^J^^-^'^-ed saHne and s'torfi 
• ^Ji^ ^ recommended by the manufacturers. Huirian 
VEGF enzyme-hnked immunosorbent assay kit waTo" 
tamed from R&D. A formulation of egg phospTohSd 
emulsion m dextrose solution was used°°to\ssolve ^7- 
AAG for parenteral adnunistration. 

ImmunofluorescentSiaming and How Cytometric 
Analyses of erbBl and erbB2 Expression 
Surface expression of erbBl and erbB2 on H35S or 
normal human bronchial epitheHal ceUs was quantftated 
by flow cytometry using a Beckton-Dickinson fluores- 
cence-activated ceU sorter as described previously ^ 

Quanfxfofion of Vascular Endothelial Cell Growth 
Factor Production by H358 Cells 

Cells were grown to 80% confluency in 12-well tissue 
culture plates washed once with phosphate-^: el 
■ feli'cS s" "S-^^^^'^ -th 1 4 of^RPMI with it 
17 1a? "^'^ °' 20 ng/mL of EOF In 

of -^A aV" ^?^^-t--ted groups, appropriate aliquots 

mei^ ^-^t^^"^. ^d^^d -to the c£ 

media to yield desired drug concentrations 2 hou^s 
before sfamulabng tumor cells with EOF. After 2^ hours 

Lr't -7;«C C f t"^' ^ harveste'd and 

^IT I coUected and ' 

cellular protein was assayed by BCA technique (Pie^e 

....e ..e»=^=. b;' enzyme-linked immunosorbent assay ' 
usmg a commeraally available kit and expressed as 

sr^joSi.^^^" . 



In Vitro Evaluation of Drug Cytotoxicity 

fi^J'S^'r'^ ix, flat-bottom 96-welI microtiter plates 
UOGO ce^AveTl; After an overnight incubation, cells 
were treated with either pacBtaxel alone or 17-A:^G 
paditaxel combination. Cells were exposed ^o var--'^ 
concentrabons (ranging from 4 to 1,000 nmol/L) of pacli- 
texel for. 90 iPunutes followed by 96 hours of further 
incubation HI T|orTr.=l x^^^: ^ . . . -tuxtner 

vWh^. ^=71 e-.G-wi Liie mcuDsaon penod. 

y^ble cells were quantitated by (4, 5-dimethylthlazo-2: 
yl)-2, 5-diphenyl tetrazcH-om bromide colorimetric assays 
as described by the manufacturer. Paditaxel dose- 
response curves were plotted as a fraction of viable 
pachtaxe^^-treated cells relative to cells grown in normal 
meoia. ine H358 cells treated with the 17-AAG -f padi- 
taxel combmation were plotted as fraction of viable ceHs 
relative to ceUs exposed to 17-AAG alone (to correct for 
the minor growth inhibitory effect of 17-AAG). Paditaxel 
mhibitory concentration at 50% (IC,„) values for ceUs 

w thl7"A f °^ - combination 

with 1/-AAG were derived from respective dose- 
response curves. A reduction of paditaxel IC30 values in 
cells teated with the dixig combination m'^ated i^" 
creased ceUular responsiveness to pacHtaxei cytotoxic 
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effaces mediated by IV-AAG. To further connr^n the 
syn«g.shc ^totoxic drug interaction effect of pacKtaxel 
t'^X ;^ t \t% =°"^>'i"^tion index at 50% growth 
nkb,.on level CI,,) was calculated [15]. The CI,, values 
less than 1, equal to 1, or more than 1 indicate syn rgistic, 

retpeTti;^;^ ^---^o^: 

Apoptosis and Caspase 3 Activity 
I^e H358 cells treated with pacUtaxel alone (50 or 200 
nn,ol/L) or pacbtaxel with 17-AAG (20 nxnol/L) were ' 
harvested at 48 ar,d 60 hours after drug treatm nt Tor 
-measurement of caspase 3 activity and apoptcsirresp c 
hvely. Caspase 3 activity in. cell lysates was'mea^ieS by 
colonmetnc assay (R&D). After normalization for tota^ 
protein m the cell lysates. caspase "3 activity was ex- 
pressed as fold increase over levels detected untreated 
c^trol ceHs. Apoptosis was quantitated by flow cytom- 
etry techniques using the Apo-BrdU ]dt (Phanningen 
San Diego, CA) and protocols contaLned therein. 

In Vivo H358 Human Tumor Xenografts Model 

2nw'"^r"" '"f °^>^^"°Sxafts were createdin hind 
flanks of niide mice By inooilation of 10^ cells suspended 

of 170 to 2m'' 3?'^''"^"^"^'^ Palpable Wiors 

or 170 to 200 mm^ appeared approximately 4 weeks after 
t^nor ceU mjection. Tumor-bearing animals then re- 
ceived either paditaxel (1 mg/kg dissolved in 100 of 
phosphate-buffered saline once per week for 4 weeks) 
.-AAG (10 or 25 mg/kg in 100 of carrier solutiofat 
■three daily injections per week for 4 weeks) or padi- 
.axei -r I/-AAG combinations (first doses of 17-AAG 
^ere administered concurrently with paditaxel) by intra- 
peritoneal mjections. Control animals received phospho- 
hpid-based drug carrier solution alone. Ortho^naJ di- 
a^.e.ers o, tumors were measoired weekly. Wals were 
euthanized when tumors reached maximaUy allowable 
vohimes of 2,500 to 2,800 mm^ Tumor volLes wer! 
estim.ated using the following formula: V = 0.52 X a X 
f >< c, where a, b, c are orthogonal diameters 

Kepresentative xenografts were harveste^^ af -.^d 
treatment for evaluation of cellular expression of VEGR 
^on Willebrand factor, erbB2, or activated caspase 3 
usmg imLiim.orastDchemical techniques. 

Data Ajialysis 

Data were expressed as mean ± standard deviation o^ a^ 
least three independent experiments. Paired t tesi, Shi- 
denrs i test and one-way analysis of variance (with 
Bonferxoni test for pairwise comparisons) were per- 
tormed for statistical analysis using Prism 2.0 software 
package (Graphpad Sofhvare, Inc, San Diego, CA). 

Results 

The H358 cells expressed high levels of erbB2 (approxi- 
mately threefold Hgher than the level detected on nor- 
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17AAG 17AAG 
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Fluorescenca Intensity 



hg 1 Im^.uncflucr,sc.nc.fl-oxv cytom^iric arMysis of s-arfnc- c- 
Vr.ss.on of ^Bl ar.d ^tBl on ifiSS ells afias.U^i afJl^ 

e^^m^ts thai yielded similar r^ulis ^rc sh^rJr^ ^^'^'^nt 

mal human bronchial epitheUal cells), with mean flao- 

^rr; sn "^'^'^""u^ °I - cells to 

20 or 80 nmol/L of 17-AAG for 24 hours resulted in a 
dose-dependent reduction of r>..._ 
intensity to 80 ± 6 and 40 = 8 (p < 0.01 versus baselir.e 

7-".Sg erbB? ^S-r dose of 

^-or: ' . expression was completely depleted in 
6=% of treated cells. In contrast, erbs/expressio^ in H358 
ceUs was comparable to normal human bronchial epithe- 
hal cells, and depletion of erbBl was achievable only at 

°^ 80 nmol/L of 

1/-AAG for 24 hours reduced erbBl expression by 35% 
(mean fluorescence intensity of 110 ± 4 in treated cefls 
versus 168 ± 12 in conti-ol ceUs, , < 0.01); aU tumor ceU 
remained, positively stained for this receptor (Fig 1) 
Siimlar to a previously pubHshed report [16], 24our 
exposure of toor cells to 17-AAG was more efiid'^nt in 
17tlG'ai:o "^'^^.^--l'"- expression Ti;: 

1/-AAG also signmcandy inhibited H358 cell growth in 
vitro with the estimated IC^o value of 70 ± 5 nmol/L 
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Padltax.l fnM) 

n,foioriaiy in ffiSJ cells 
by 17.aUy}arn.no geldanamycin a7-AAG) QO or40 nmol/h). The 
m^S^luic of growth inhMtory effect in cells trcaled wiih the drug 
cowb^anoK was supraaddiHve, p«rfx«;«riy at low doses ofvacli- 
i^d. Data are presented as msan * standard dcviaHon of four in- 
^'V'rJeni e:^crimenis, pacHiaxel inhibitory concentration at 5Wo 
(iCaO; values are indicated in llie Ugends. 

Er^ancemeTii. of Pacliiaxel Cytotoxicity by 17-AAG In 

Figuxe 2 demonstrates the dose-dependent growth inhib- 
itoiy effecB of pachtaxel or paditaxel + 17-AAG comH- 
'^•^^^f'.-^SS cens. Paditaxel effectively inHbited tumor 
c ^f:t% = "° = S nmol/L). Ccncmxent expo- 
-.xire of n^o8 ceus to pacHtaxe! and 17-AAG resulted in a 
diasnc reduction of paditaxel IC50 values (20 ± 3 and 5 ± 



□ Nomal Media 
■ 17-AAG (20nM) 
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1 nmol/L at 20 nmol/L and 40 nmol/L of 17-AAG r-SDec- 

L .H?H suppression of ceU growth by 

^/ at low t^"^ P-cIitaxel treatment (30% to 

40/0 at lower spectrum of paditaxel dose range) was 
higher tl,an the mHd 17-AAG-mediated growth inhibi- 
non. inis nndojig suggested that 17-AAG enhanced the 
suscept.oi% of. tumor ceU to the cytotoxic effect of 
pachtaxel. Furthermore, the synergistic cytotoxic effect o 
this drug combination was confirmed by the combination 
Ta7R «S^ifi"iitly less than 1 (0.589 ± 

_0/8 and 0.630 ± 0 113 at 20 nmol/L and 40 nmol/L of 
17-AAG, respecfavdy, p < 0.01). The 17-AAG did not ' 
activate caspase 3 or induce apoptosis in H358 cells- in 
contos, caspase 3 activity was evident in H35S cells after 
treatment w.th l7-AAG + paditaxel, which was higher 
than that observed after expos^e to pacHtaxel alone (He 
3A). Tlus was accompanied by a higher magnitude of 
induc^on of apoptosis (Fig 3B). For instance, 55% ± 8% 
apoptotic cells were detected after 
treatment with oO nmol/L and 200 nmol/L of paditaxel in 
"^T^tTf"^ compared to 22% i 3% and 

aloteV^ 0 01)'°'"'^ '° P-^^*-°-^ 

Ir>hmtion Of Vascular Endothelial Cell Growth Factor 
Secretion From H358 Cells by 17-AAG andAG825 In 

The H358 ceRs secreted Hgh.levds of VEGF into the' 
■c^toe media under basal conditions. Stimulation with 

Hon of ^"S^- fn'.^''^ " significant eleva- 

tion or .^uF (3^,400 ± 3,750 versus 27,596 ± 2,500 p./mT 




Paclltsxei (nM) 

A 

cLhlnT L ^'Sh^ 9f caspase 3 acHviiy was oiser^ed in 

h^m l-n . J rn - (-i-' 200 n-molfl) alone or m cumhinaiiQn xniih 17-AAG 

ofSovtol^^ to rnduce apoptosis. combining TJ-AAG -Jith paclita^l 

oj apov^os-^. D.ca are preserved as rr.ean 3 standard deviation oj Jour iruiepende^ e=:peAm: 



Pacntaxdl (nM) 

orin coTnbinarion with 17-allylamino gddanamy- 
h3^8 cells treated with 17-AAG and pacliiaxel 
of increase over baseline leveb detected in control 
< 0,0% < 0,W1. (B) Induction of apoptosis of 
QO nmol/l). A.vcvtosis was quanEtated in H358 ' 
■•^d dUTP nick end-labeling (TJNHU asscry^Al- 
resulted in i:p to twofold increase in the ind-c^o- 
'■r,ts, *p < 0,01. 



Ann Thorac Sure- 
2001;72:571-9 



PACUTAXEtCKEMOSENSm^.^gJflS'Nfc-^^ 



G Sasefine 




Normal Media 

■ as or SO l^^!^:^ "f'r -f 

per 24 hours per nulligram of cellular protein, p < 0 01) 
Treatag.H358.oeUs with 17-AAG (20 or'80.:n;yL) for i 
horns uppressed both basal as well as EGF-niediated 

. ^pregulatxon of VEGF expression (Fig 4) i^l £t 
dependent manner v^ath the ma^ -T- 

Tanging from 40% to 80%. ^ -•^^'''^^n 

Inhibition of EGF-mediated upreguladon of VEGF pro- 
duction by H358 cells aftpr 17 i Ar- ^ 
f^r.^ . ""^ 17-AAG exposure may result 

..s c^cu. on downregulaiing both erbBl and erbB2 




17-MG (1 0 mffVg) 



A 



expression. I^e erbB2 receptor, although lacking a coc.- 
nate kgan^ modulates signaling from other members of 

T.ea.ng H3S3 ce'^^s S fcS ^2^ Sl^Sg 

17-A.AG treatmlf '^^^^ 

In Vivo Tumoricidal Effect of Padiiaxel.and IJ-AAG 
Th^ u, VIVO experiment was designed to validate the in 

ffts) °^ combinaHon 

S I r ^ atWustration of 17-AAG alone resojted 
in dose-dependent growth in.hibition of H358 xenoSfc 
Stat^shcally significant reduction of tuxnor vowf and 
corresponding survival extensions were observrorfy if 
animals treated with the high dose of 17-AAG ^^TlTl 
(Figs and Table 1). Significant inhiHBoi'^t^f.^^^g 
and prolonged survivals were also noted in mic» %ZTa 

^^^^ 

2Smg/.g)andpa^ta^^^^ 

expectancy of tumor-bearing anim=.'s '■^'^ 5 — = -r J, 
Tne t^or voWes measured at 8wee]<ra5t:r ^^^^ 

i™ss'thInT°"''°", ngnificandy 

eSec^^.b, it ^"'^5 --^dTa-^ drug 

eAecs CTable 1). Furthermore, the mean surv"-l 

010ns o. arumais treated with 17-AAG + pacKta^eW- 




m.ic^ hzanng H3S8 tumor xenografts. 



Hons/wkfor i wccKs. Controls wn: anhr.rds ireaui u>iih rr^ci „f .u- "i -•'.-"■r'.-'r 

^ou;;. riaxol = v^ciiiaxtl) ' ^c.,.^.cf. Dafa art pres^ntea as rr.t^n ~ standard dtvianor., n = 8 ver 
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'^'^''}'}-/'-'^^''°J^"r.oriddkl Efeds ofl7-.AAC-, Pac^ifaxe! 



GrouD 



SurvivaP 



Control 
V7-AAQ (10 

mg/kg) 
17'AAQ (25 
- ^g/kg) 
Paclitaxel (1 

mg/kg) 
17-A^G (10) ^ 

paclitaxel 
17-AAG (25) ~ 
paclifcaxel 



Mesn 
Extension 

of SurvivaJ Tumor Volumes 
(^^) at 8 Weeks (mm^) 



7.8 ± O.S 
9.2 ± 1.6 

13.5 ± 0.5^ 
14.3 ± l.S*' 

22.6 ± 1.6^ 
26.8 ± 3.2^ 



N/A 
• 1.4 

5.7 

6.5 

14.8 

19.0 



2,557 ± 110 
2,370 r 300 

1/077 ±56 

1.210 ± 183 
762 r 120 (1174)= 
328 = 45 (508)= 



Mean :!: 5D (n = 8 per group). 

llS^'nl'?''^ 'o'onT'' °^ "^""^'^^^ reaching tnmor voluxnes of 
^,^uu mm p < 0.001 versus control by ai;a3ysis of varianc- anH 

Bonferroni test. =P-*dtc^-d ^ t ^ f variance and 

tive drug effects. * ' assuming addi- 

17-AAG = 17-aUylaiiuiio geldanamydn. 

binations were longer than the algebraic sums of the 
ex.ensions resultingfrom each treatment alone (Table 1) 
Conectxvely these data suggested in vivo synergistic 
tumonadal drug, effects. ' 

Inunimohistochemical analysis of erbB2 and VEGF 
expression, capillary density, and apoptosis in tumor 
nodules harvested 24 hours after completion of chemo- 
■Aerapy xs shown in Figure 6. A profound reduction of 
^.embrane-oound erbB2 expression was observed in 
rainors ..om mice treated with either 17-.AAG alone or 
l''i7 A A> P^^^^'^f^' suggesting that therapeutic levels 
o. 17-AAG were acWeved in xenografts. In parallel' with 
^v.„o Observation of 17-AAG-n.ediated inhibition of 
VEGF production by H358 cells, cytoplasmic VEGF ex- 
?'^lt°V^^' significantly decreased in tumors har-. 
vested from mice treated witK i7-AAG or 17-AAG ^ 
pachtaxel (Table 2). Interestingly, mild-to-mode'rate- re- 
duction of cytoplasiruc VEGF expression, was also noted 

o Analysis of JmTnunchisiochemical 

^^L,cin g oj iinnor Tissues for f/^nUr-.rm^ A/T^^z.^ /^'^ q\ 



Group 



erbB2 VEGF vW Pactor 



Coniroi 
17-AAG (10 

mg/kg) 
17-A_A.G (25 

mg/kg) 
Paclitaxel (1 

mg/kg) 
17-AAG (10) -r 

paclitaxel 
17-.4AG (25) ^ 

paciitsixel 



Activated 
Gaspase 3 



+ -r 



17-AAG = 1 7-aliylamino geldanamycin; VEGF - 



c=Ii growth factor; 



vW = von Wille brand. 



vasc-jlar endothelial 
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tumors treated with paclitaxel alone, similar to previ- 
ously pubhshed observations [19]. Capillary densitv 
h^or nodules was evaluated by staining for von wbe- 

cenf S ""^^ " ^''^TT^ endotheHal 
ceUs. p^use positive endothelial staining observed in 
control tumors was sHghtly diminished in Liors treated 

male'if • T ^^^^^ expression wS 

markedly reduced in tumor treated with 17-.AAG or 
U-AAG -r paclitaxel, moicating that reduction of VEGF 
expres^on coincided with diminished tumor an-^og^ne- 
.s (Table 2X Abundance of activated caspase S-potsve 

ine cent' "T"^^ ^1'°?^°^^^' '^-^ s^i-- 

V-lSZ'^i^' fr"^^" ^-^^^d with the 

17 AAG , pachtaxel drug combinations (Fig 6). Apopto- 
cells were less frequendy noted in pacHtaxel-^efted 

t^ted'ilrs^^^^ "^^^ - ^^-AAC- 

Comment 

Previous studies have demonstrated that members of the 
erbB superfamily (particularly erbBl and erbB2, which 
are frequently overexpressed in NSCLC cefls) play im- 
portant roles in mediating the response of tumor ci To 
q^toto,ac stress and modulating their susceptibility to 
chemotherapeutic- agents. Over expression of erbB2 in 
cancer cdls enhances resistance to various cytotoxic 
agents including asplafin and paditaxel as well as irra- 
Aafaon. Upreplation of DNA repair mechanisms medi- 
ated by erbB2 overexpression contributes to chemother- 
apy^and radiation resistance in cancer ceUs [3] In 

"vT^'" T;^^r^^^°" °' cyclin-dependent Idnase 
mhibitorp21, wh^ch inhibits progression of cells into the 
M pnase or t„e cell cycle, is a major mechanism of 
P'^'^^iff " "Us overexpressing erbB2 

zij. wverexpression. of erbBl or activ-aiion of erbBl 

himor cells refractory to paditaxel cytotoxicity [22]. Inhi- 
or^^K,";;" °^ °' pHeriotypic expression of erbBl 
or erbB2 by monoclonal antibodies or low moleoilar 
weight compounds abrogates chemoresistance mediated 
by erbB overexpression in cancer cells 

VVe have been interested Ln developing strategies to 
enhance the cytotoxic effects of conv«T,K«„,i 
apeutic agents such as paditaxel in hong or esop.wll 
cancers Dy exploiting the ourrent understanding of the 
relationship between the erbB signal transduction path- 
ways -and paditaxel sensitivity. By targeting the erbB 
oncogenes using low molecular weight compounds such 
as 1/^G we may avoid teAnical issues that may limit 
the efEcacy of anfa-erbB monodonal antibodies, antisense 
constructs, or intracellular anti-HER2/neu single chain 
antibodies. Previously, we have demonstrated sequence- 
M?rT?r ,1"^""'=°--^^^ °f Paditaxel cytotoxkity in 
NSCLC by aiis compound [4]. Concurrent but noT se- 
quential l/-AAG/paclitaxel drug exposure significantlv 
sensitized NSCLC cells expressing Hgh levels oTeTbB2 to 
paditaxel. This salutary effect has been extended to 
esophageal cancer ceUs expressing elevated levels of 
erbB^ (unpuDlished data). The in vivo experiments d=r^- 
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PACT rr.«r. CH^uost^^smz^^o]^^''^^^^ 



oil 



H&E 



erfaB2 




Z^TA- t-^.^ricidal effects of the pacHtaxel 

a... 17-AA^ comofflatior. extended in vitro obsLaS^; 
of synerpshc cytotoxic drug interaction' of ft'LTo 

interacbons m vivo. Hie observations that hrmor^l! 
ymes m animals treated by the drua rnx^kj^ « 
c-n,n^ IV ,. "™-g combinations were 

smaller than predicted by assmnin- addi^Ve a-^-,-, 
ru„ effects (Table 1) and the survivals of tumor-bearing 

' s*o--^c oum:. of tne extension of s^ndv-lc- 
str/> '"j'^''^^ ^"^-^ alone stx^on^; 

din; *\;t7!i;^P--'^^«- ^rP^cHtaxel tumori^ 

' chemotherapy sensitizer, our 

o. VEGF production by tumor ceHs .through its negative 
efeect on eriB signal transduction pathways, wHch are 

syon [lo, 23]. Significant- information was derived Lm 

complebon of a 4-week course of chemotherapy THs 
tnne pomt was chosen to dearly demonstrate the Inb^^ 
g^ogeneic effect of 17-AAG. Whereas depletion of'Sp 
secrehon by H358 cells occurs witHn hLs of 17-2S 
exposure, alteration of tumor inicrovascdatux= in re 

oevelop. The m vivo effects of 17-AAG on erbB2 or VEGF 
expression and the induction of apoptosis by pacbW 



(with oj- vdthout 17'AA G) wp-p -n^^-u ^ i ^ • 

car,t reduction of VEGF cvto^l^f ^^S^ifi" 
Wr cells and ^brj ril?4t wt^^'^ 

production ^ /a^'^'f^ If ^^^^^^"^^^ °f VEGF 
suggested tV,7.^.S'<?^^..l";.f ''^^^ ^Pexi^ents that 
t>rs , ^--^bits-annangiogenic effects. In 

senses:;:; "-irJ.2"S ■ ^ 

. "^"=0/ appears quite analogous to recpnf 

facancer regimens combining a cytotoxic a^ent "^d an 
-^ar>giogenic agent (either an anlvEGF antrbod^ or" 
VEGF receptor pharmacologic antagonist) [24 ^5]^' 
S^e rnti^:"?'"^'"" of the pacHtaxel senslt^'af n a^d 

The phase I clinical trial usine 17-A Ar (A^ Ur -, u 
intravenous infusion for 5 days e^e ; 3 we=ks)t a : T 
S S T -^<^ -align^nSeVist; J"! : 

the .National Cancer Institute, and initial data incS^a" e 
th. hepatotoxiaty is the dose-limiting factor a= 
dieted from precHnical studies (lean Gr°m and ^Ich'aVd 
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Wilson, Nador.a] Cancer Institute; Bethesda, MD pe^'- 
sonal com.™cation). Tm peak plasma drug levels 
ina;an,ally tolerated dose were 1 to 2 p.mollL, which ar= 
• well above the concentrations required to achieve syn»r- 
gishc drug interaction in vitro. Tne acceptable dm- 
toxiaty profile derived fron. the phase I tAal together 
with the powertul tumoiiddal effect of this drug combi- 
na.on observ-ed in our present studies support evaiua- 
wIth°MSrt^ combination with pacHtaxel in patients 
iTtl ulvi^ "ophageal cancers exhibiting Hgh 
level hER2/heu expression. " 

We acteowledse the superb technical assistance of Shawn 
Sh, V °f Cytometry Core 
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DISCUSSION 

DR a^VEY I. PASS (Detroit MI): Very nice. Or Nguyen 

1 have a couple of questions. The relationshic between erbB-2 
and this whole situation, what is the evidence th.at -^G is 
actually working selectively through an erbB-2 mechanism and 
!S not having other effects, and have you done exDerfments to 
block either with antibody or making it even better u^ine 
tle.ceptin (Geneiitech, San Francisco, CA]? 



The second question is, this could also be explained by 
overcoming resistance to paclitaxel. Do you have an; data with 
regard io your cell line with regard to p tubulin mutaKons in this 
cell hne? 

DR NGUYEN: To answer yo-^. first cuestion, in ten..s of the 
i^ipact of 1/-Ai G on erb3-2-.nediated sigr.ai transduction ^.th- 
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r -^S^'- ™= =°-^P°-nd not cnlv terg.ts 

«rbb-^K.!=o targets other signal fr^sduciion oath^vays as well 
as o.her oncoproteins, io .peciiically target erbB-2 pathwav, we 
used Kerrephn we also used AG825, which is a selective 
erbB-2 antagomst. We observed sin,ilar enhancement of padi- 
taxel-meQiated cytotoxidty In NSChC cells by AG825. Kercer,- ' 
lir on ..e other hand, we did not see sud-. a powerf.^1 sensiti- 

■ ""'^ i= this point. 

What IS y our s econ d q u esti on, Dr Pass? 

S,'!^^'': "l""''"" °^ is «:.ply an overcoming 
Ja^oresistance pheno:nenon. Do yo. have any data wheth J 

tt?v ' f ^* ^ mutations, and 

does your cell Ime have /3 tubulin mutation? ' 



DR NGLTYHN: No, we have not done that. We recently looked ^t 

TT"' cells to 
tave.se the GZM d,eck pomt and accumulate the cells in 

• Z:^\"f P-^^^^^''^ -^'''''^ ^^C2/p34 kinase, Jh "h s 
known to play an important role in paditaxel-mediat;d apopt 
^s^So we observed feat by using this combinauon the p21 L 

au^'t t'"T'1 h'Sher fraction of cells in misis and 
augmentation of paditaxel-mediated apoptosis. 

DR PASS: Do you have any data with any other chemotoxics? 

DR NGUYEN: It has been looked at before with 17-A.AG 
sensitized tumor cells to dsplatin and the other chemot^ ex^tu- 
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S,lfr/fc n^K^"'"^ exan^ination be held at the 
Hotel Sofiel, 5o00 North River Rd, Rosernon^ IL 60018- 
=194, on November 18, 2001. The dosing date for regis- 
tration was August 1, 2001. 

To be admissible to the part II (oral) examinadon, a ' 
candidate must have successfully completed the part I 
(wntten) examination. ^ 



A candidate applying for admission to the certifying, 
ex^ation must fulfill all the requirements of the BTard 
m force at the time the application is received 
^iTf^^^"' f communications to the American 
Board of Thoraac Suxgeiy, One Rotary Center, Suite 803 
aT,\^' ^^l^Thor^e: (847) 475-1502; fax: (847) 

475-6240; e-mad: abts_evanstdn@msn.com. 



Modulation of Metastasis Phenotypes of Non-Small 
Cell Lung Cancer Cells by 1 7- Ally 1 amino 
17-Demethoxy Geldanamycin 

fs.^sf^p^^'^^^^ ^^-^ MS. Todd S. We.e. MD, and 



Bflcijrowii. Cancer ceUs that overexpress c-erbB onco- 
genes exhibit resistance to chemotherapy, eivhanced iu- 
mongenicity, as well as increased propensity for metas- 
tasis The aim of this study was to investigate if depletion 
o£erbB-l/EGFR and erbB-2/HER2nen: oncogene products 
by 17-allylaniino IT^emethoxy Geldanamycin (17AAGA0 
could diminish the metastatic potential of non-small ceU 
lung cancer (NSCLC) cells that express varying levels of 
the erbBl/erbB2 oncogenes. . ••• 

Methods. NSCLC ceU lines (H460, H3S8, H322 or H661) 
were assayed for expression of erbBl and erbB2, the ceU 
adhesion molecule E-cadheiin, secretion of the matrix 
•metalloproteinase 9 (MMP-9), an'd vascular endotheHal 
csU growth factor (VEGF), as well as their abiHty to 
invade Matiigel after 4S-hour exposure to 17AAGA 

Results. 17AAGA significantly depleted erbBl or 
erbB2 levels in NSCLC ceUs expressLng high levels of 



*ese proteins, and effectively inhibited their growth 
with IC50 values ranging from 50 to 90 nmol/L. Moreover 
drug treatment enhanced E-cadherin expression in HS2^ 
^^^^^ ^""^ inhibited secretion of MMP-9 and 

yEGF_ secretion by tumor ceUs. 17AAGA diminished 
hypoxia-induced upregulation of VEGF expression as 
weU as growth factor-mediated augmentation of MMP-9 
secretion, and profoundly inhibited the ability of H3^-> ' 
and H3S8 ceDs to migrate through Matrigel in response to 
chemoattractants. 

Conclt^sioi^s. In addition to its known antiproliferative 
and chemosensitization effects, a7AAGA inhibits the 
metastatic phenotype of lung cancer cells. 17AAGA may 
be a novel pharmacologic ageht for specLic molecular 
intervention in lung cancer patients. 

(Ann Thorac Surg 2C00;70:18S3- 60) 
i-u. __, wv^^^e^j. 01 xiioracic Surgeons 



-3a-tients with non-small cell lung cancer (NSCLC) 
X frequently present with either locaUy" advanced 
(stage mA/B) or systemic disease (stage IV). The oVerall 
prognosis for these individuals is very poor, with the 
median s-orvival less than 9 to 12 months despite' an^ 
aggressive combination of chemo and radiotheraT^y 
More importantly, the main mode of beatment faili-e 
after curative-intent therapy for early-stage NSCLC is 
systemic metastasis [1]. Acknowledging the fact frat 
mature data of phase U/III clinical trials addressing the 
values of adjuvant chemotherapy for completely resected 
early-stage NSCLC are stiU forthcoming, there is no 
evidence that adjuvant therapy has any impaction the 
outcome of surgically treated NSCLC [2]. Micxometasta- 
ses derived from lung cancers may have low proliferative 
activity, rendering them insensitive to standard cytotoxic 
agents. Hence, there is an urgent need for novel antineo- 
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plastic agents that exhibit strong antiproliferative effects 
as well as a capacity to inhibit the metastatic potential of 
tumor cells. . ■ 

SoHd tumor metastases arise by a multistep process 
regulated by complex interactions between tumor cells 
and adjacent strom,aI iissiaes [3]. In association with 
altered expression of adhesion molecules such as E- 
cadherin, cells detach from the main tumor mass and 
migrate through the extraceii^dar matrix, degraded by 
ttmor-denved matrix in etaDo"-'^ -3c /x -ri^ -rT3.\ x r, " 
^sseirnr.ation, cells exit from the vascularure and estab- 
Hsh metastatic deposits, facilitated by the expression of 
integrin or hyaluxonate (CD44) receptors, and the secre- 
tion of angiogenesis factors such as vascular endothelial 
cell growth factor (VEGF). 

Experimental and clinical' data have indicated that 
overexpression of erbBl and erbB2 pxotooncogenes en- 
coding the epidermal growth factor receptor (EGFR) and 
the orphan receptor (HER2/neu), respectively, correlates 
with locally advanced disease, distant metastases, and 
diminished survival in padents with breast, lun- esoph- 
ageal, and ovarian carcinomas [4-7]. Tumor ceDs overex- 
pressmg these protooncogenes exhibit one or more phe- 
not^'pes correlating with enhanced metastatic potential 
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including downreg^jladon of E-cadhenn expression ir- 
cressed secretion of MMP-9 and VEGF. and accelerated 
invasion through extraceUular matrix [S-10]. Therapeutic 
strategies that specifically target erbB should Lihibit 
mitogenic signaHng via erbBl and erbB2 path^vays and 
may reduce the proliferation and metastatic potend'al of 
cajicerceUs; indeed, treatment of cells over expressing the 
erbBl or erbB2.gene products with antagonistic mono- 
cle.^ antibodies signincantly inhibits their metastatic 
phenotype [10, 111. 

The benzoquinone ansamydn antibiotic geldanamycin 
(GA) and its less toxic synthetic derivative, IZ-aHylamino 
17-demethoxygeldanamycin (17AAGA), have been re- 
cendy selected for clinical development at the National 
, Cancer Institute based upon their activity against cell 
Hnes derived from a variety of human malignancies [12, 
13]. The growth inhibitor}^ effects of geldanamydn and 
17AAGA appear related to their abiHty to inhibit the' 
expression of several cellular' oncoproteins, includincr 
erbBl and erbB2 [13]. In the present study, we sou-ht to 
evaluate if 17AAGA could modulate the metastatic po- 
tential of lung cancer ceBs oyerexpressing the erbBl and 
erbB2 gene products. Herein, we demonstrate that treat- 
ment of NSCLC cells with 17AAGA results in significant 
reduction of erbBl or erbB2 expression, profound inhibi- 
tion of cell proliferation, upregulation of E-cadherin 
expression, and downregulation of VEGF and MMP-9 
secretion, paraDeling with diminished capadty to invade 
extracellular matrix in vitro. 

Material and Methods 
Cells and Reagents _ 

The NSCLC cells M'4^n u?:^q urri a utt-* 

iw^w, ajiu riJ>ZjL Were 

purchased from ATCC (Manassas, VA), and were grown 
m RPMI-1640 medium supplemented with glutamine 
(1 mm.ol/L), penicillin (100 UV-.L)/ strep to Mycin ' 
(100 ^g/mL), and 10% fetal bovine serum (FBS) "(aH 
purchased from Biofluids, Rockville, MD). Normal hu- 
m.an brondiial epithelial (>vrKBE) ceils were purchased 
from Qonetics, Inc (Walker/me, MD) and maintained in 
bronchial epithelial cell basal m.edia (CIoneHcs, Inc). 
17AAGA was obtained from the Drug Synthesis and 
Chemistry Branch, Developmental Therapeutics Pro- 
gram., Division of - Cancer Treatmtent, National Cancer 
Institute, and dissolved in dimethyl sulfoxide to yielcj a 
100 ^Lmol/L stock solution, which was stored at -70°C. 
All experiments using this compound were performed 
under subdued Hghting conditions. Recombinant huihan 
epidermal growth factor (EGF) and heregulin-a (KRG) 
(purchased from R&D, Minneapolis, MN), and the anti- - 
erbBl and anti-erbB2 monodonal antibodies (purchased 
from Calbiochem/Oncogene Research Products, Cam- 
bridge, MA), were constituted in phosphate-buffered 
saline (PBS), and stored at 4'*C as recommended by the 
manufacturers. The E-dadherin antibody was obtained 
from ICN Biomedicals, Inc (Aurora, OH). 



hnmunofluorescent Staining and Flow Cvtome^ic 
Analysis of erbBl ewBZ and E-cadherin 
Expression of erbBl, erbB2, and E-cadherin in NSCLC 
cell Hnes was quantitated by flow cytometry usin- a 
Becton-Diddnson (San Jose, CA) fluor esc en ce -activated 
cell sorter (FACS). In brief, ceHs grown in either normal 
media with or without 17AAGA were harvested by tryu- 
sm/EDTA. To prevent proteolysis of surface adhesion 
molecdes, cells harvested for E-cadherin staining were 
treated with 0.01% aystallized trypsin in the presence of 
1 mmoi/L of caldum, then washed in Ca/Mg-free PBS 
Single-cell suspensions were incubated with either anti- 
erbBl, anti-erbB2, or anti-E-cadherin monodonal anti- 
bodies for 60 minutes at room temperature. Cells were 
then washed with PBS, and incubated with fluorescent 
isothiocyanate (FITC) -conjugated goat anti-mouse IgG 
■antibody at room temperature for 60 minutes in the da^k 
An irrelevant mouse IgG isotype monodonal antibody 
was used as a negative conti-ol.for FACS analysis A 
nummum of lO^ceHs-were analyzed by FACS flow 
cytometiy. The magnitude of surface expression of these 
proteins was indicated by the mean fluorescence inten- 
sity (MH) of positively stained cells. The MFI of isotype 
IgG control samples was always less than 10. 

In Sitii Immunofluorescant Staining of E-cadherin 
Cells were cultured in chamber sHdes (Nalge Nunc 
International Corp, NaperviUe, IL) until 80% confluent 
washed with PBS, fixed•^^ith 1% paraformaldehyde for 10 
mmutes, and permeabHized with acetone for 5 minutes. 
Im.m.unpfluorescent staining for E-cadherin was per- 
formed similar to that described for flow cytometry 
SHdes- were examined under the fluorescence micro- 
scope, Ruorescent photomicrographs were taken at 200X 
ma gniE ca ti on . 

MMP-9 Assay 

Cells were grown to confluence in six-well plates, washed 
twice with PBS, and then incubated with 2 mL of fresh 
serum-free RPMI-1640 medium. In the 17A.^GA treat- 
ment group, ceils were replenished with m.edia contain- 
ing dther 20 or 80 nmol/L of 17AAGA- After 48 houiTof 
incubation, conditioned media were harvested and fro- 
zen at -7u-C until assayed for MmF-9 expression using 
an enzyme-linked immunosorbent assay (ELISA) kit 
(Calbiochem/Oncogene Research Products, Cambridge, 
MA). Cells from each weH were coHected, and to°al 
. cellular protein was assayed by bicinchoninic add (BCA) 
technique (Pierce, Rockford, IL). MMP-9 levds in the 
conditioned media were expressed as pg/mL/24 h/mg of 
total cellular protein. ° 



VEGF Assay 

CeUs were grown to 80% confluence in 24-well plates, 
washed once with PBS, and replenished with 2 mL of 
fresh RPMI-1640 alone or containing either 50 ^mol/L or 
100 A-mol/L Cobalt Chloride (CoCy to simulate hvpoxia 
[14]. In the 17AAGA treatment groups, aoprouriate aK- 
quots of lOOX 17A_^GA stock were added to the culture 
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media to yield a &nal concentration of .80 nmol/L. After 
48-houx incubation, conditioned media were harvested 
and frozen at -70=C until assayed for VEGF. VEGF levels 
m-the conditioned niedia were evaluated using an ELISA 
kit (R&D) and expressed as ng/mL/24 ceils. 

Matrigel Invasion Assay 

The chemoinvasion assay was performed as previously 
aescnbed [15]. Briefly, polyvinylpyrrolidone-free poly- 
carbonate filters (lO-jLim pore size; Neuroprobe, Gailh- 
ersburg, MD) coated with -500 p.g/mL of Engiebreth- 
Koim-Swarm murine sarcoma basement membrane 
extract (Ma.trigel; Sigma Chemical Co, St. Louis, MO) 
- were placed in a modified Boy den chamber (Neuroprobe, 
Gaithersburg, MD). Matrigel was diluted to the desixed 
final concentradon using cold (4=C) serum-free RPMI- ' 
1640 media. Filters were then placed in 15 mL of 500- 
.;^g/m.L Matrigel in 100 X 15-iniii Petri dishes and rotated 
at 45 rpm overnight at 4=C. Filters v/ere air dried under a 
sterile hood immediately before use. Ceils (6 X lO^/mL) 
were suspended in serum-free RPMI and added to the 
upper chamber (30,000 ceUs/well). The lower chamber 
contained serum-free conditioned media from cultures of 
NIH 3T3 ceUs as a chemoattractant. Chambers were ' 
incubated at 37°C in 5 % CO^ for 6 hours. At the end of the 
incubation, cells on the upper surface of the filter were 
aspirated off and the filters were fixed in methanol and 
stained with Dift-Quijk H, a Wright-Geimsa stain (Baxter, 
McGaw Park, IL). Cells that had invaded the lower 
surface of the filter were counted by ligh t microscopy and 
data were expressed as cells/5 high-power fields 
(H?F)/welL 



Data Analysis 

Data are expressed as means ± standard deviation (SD), 
Student's f test and one-way analysis of variance (with 
Bonferroni test for pairwise comparisons) Were used for 
stadstical analysis using Prism 2.0 software package from 
Graphpad Software, Inc (San Diego, CA). ' 

Results 

Constitutive ErpTcssion' of erbBl and erbBl in ^ 
NSCLC Celb Lines 

The NSCLC cell lines used in this study express different 
levels of., erbBl and erbB2 surface receptors as deter- 
mined by How cytometric analysis (Fig lA). In compari- 
son with the receptor levels expressed in confluent 
NHBE, H460 cells express low levels of both erbBl and 
erbB2; H661 and H35S cells express high levels of erbB2 
but^not erbBl, v/hereas H322 cells overexpress both 
erbBl and erbB2. Forty-eight-hour exposure of these ceils 
to 80 nmiol/L 17AAGA resulted in significant reduction of 
surface expression of erbBl or erbB2 in cells exhibifcLrig 
elevated levels of these receptors. In paraEel with inhi- 
bition of erbBl or erbB2 expression, continuous exposure 
of these ceHs'to 17AAGA for 96 hotirs resulted in a 
dose-dependent inhibition of cell prohferahon, with es- 
timated IC50 (concentrations of drug that inhibit 50% of 
cell proliferation) values ranging from 60 to 90 nmol/L • 
(HglB). 

Upre^^ulution ofE-Cadherin by 17AAGA 
Expression of the calciurr.-dependent epithelial cell ad- 
hesion molecule E-cadherin was readily detectable by 
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H460 orH661 ceUs; resets that were consistent with previ- 
S co^^cexrirg E-cadherin expression in 

these cells [11]. The mean fluorescence iiitensity of E- 
cadhenn in K322 and H358 cells increased 1.5- to 2-fold 
aner beataent with 17AAGA (80 nmol/L for 48 hours) (H<^ 
^'^). x..e percentages of positively stained caflc aico i°. 
creased significantly after 17AAGA treatment in these ceil 
lines (63% ± 13% and 58% ± 10% of 17AAGA-treated c^s 
vs 47% ± 7% and 38% ± 8% of untreated H358 and HslS 

cells; -n - 0.Q5 ar'^ - = n 17 t:- 1 n v, , 

f^/- J, . — "-"-^ ^=='i'^'-nveiv). ixjouDteffuiation 

ot this adhesion molecule was noted in H460 and H661 cells 
Aiaiough diffuse cytoplasmic stainiiig for E-cadheiin was 
noted both in control and 17AAGA-treated ceDs,; mtense 
fluorescence indicating localization of E^adherin to the ceU 
membrane was only observed in treated H358 and H322 
cejs. No rach membrane localization was t>o^"^ "460 " 
H661 cells after 17AAGA treatment (Fig 2B). 

i^ownfegiilaiion afIvlMP-9 Secrstic-n. 
ContinuouE exposure of NSCLC ceils to either 20 or 80 
a.^.ox/i. of 1/AAGA significantly inhibited mMP-9 secre- 
tion in a dose-dependent manner, with an overall reduc- 
tion of up to.50% relative to baseline control levels (Fig 
^AJ. Moreover, incubation of K358 and H322 ceUs, which 
express. Hgh levels of both erbBl and erbB2 receptors 
with agonistic recombinant human EGF or here<miin-a ' 
augmented secretion of MMP-9 by 35% to 50% refative to 
baselme 17AAGA treatment completely blocked Kgand- 
niediated upregulation of MMP-9 production m these 
two cell lines (Fig 3B). 

Suvp-ession of VE-GF Secretion by 17A.AGA 

^i^Eb'^ ^dely i^ their abflity to secrete 

^^Ct into the culture medi?.. Values ranged from ap- 



proximately 1,000 pg/mL/24h/1.0* cells (H460, H32^) to as 
high as 15,000 pg/mL/24 h/10* ceUs (H358) (Fie iA) 
Cobalt chloride (CoCy, which simulates hypoxic condi^^ 
tions by interfering with cellular oxygen sensing mecha- 
• rusms [14L mduced .significant upregulation of VEGF 
secrefaon (Fig4A). Forty-eight-hour exposure to 17AAGA 
^ou nmoi/b) significantly suppressed basal VEGF sec-e 
tion m ooitured Tang cancer cells, with the magnitude of 
inhibition ranging from 10% to 50%. Furthermore 
17AAGA suppressed hypoxia-induced up-s-'i-*^— -'^ 
V^GF secretion; the magnitude of inhibiton iTbeated 
cefls ranged from 30% to 45% relative to untreated 
hypoxic'. ceUs. To confirm these findings, ceUs were 
incubated m a hypoxic chamber (95% and 5% O^) As 
expected, pJofound augmentation of VEGF secretion 
was noted in response to hypoxia, which could be 
effectively mhibited by 17.^\GA (either 80 or 160 nmol/L) 

^ «11 liries examined 

{tig 4E). 

The abiliby of cancer ceHs to migrate through the artifidai 
extracellular matrix membrane, Matrigel, frequently corre- 
lates with their mvasiveness in vivo [16]. Forty-ei<^ht-hour 
■exposure to 17AAGA (80 nmol/L) significandy inWbited the 
ability of H322 and H3S8 cells to migrate through Matrigel. 
Ihis inhibitory effect of 17AAGA was profound in H3^^ 
ceUs, with up to a 60% reduction in the number of cells 
invading through the membrane (109 ± 28 ceUs/5 HPF of 
17AAGA-treated cells vs 293 ± 42 ceDs/S HPF in untreated 
control ceUs; p < 0.001) (Fig 5). l/A.'^GA inhibited the 
mvasiveness of K338 ceUs by approximately ^% (U6 ± 8 
cefls/S HPF of 17.AAGA-treated cells vs 190 ± 14 cells/5 HPF 
of control cells; p < 0.01). 
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Comment 

Better appreciation of the gejietic and epigenetic fac-. 
tors that govern maHgnant transformation and metas- 
tasis may fadiitate the development of more specific 
anticancer therapies.- In addition to the development of 
drugs that specdficaiiy target the ceU cycle machinery. 



considerable efforts have been focused on the evalua- 
tion of novel biologic or pharmacologic agents that 
suppress' tumor growth or invasion by inhibiting neo- 
angiogenesis or matri^^ metalloprotease activity. Acti- 
vation of erbB protooncogenes profoundly disrupts ceU 
cycle r^egulation^[17L and enhances the expression of 
pro-x^ietastasis" phenotypes, namely decreased E- 
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Fig 5. InliihiHon ofB.322 and H358 celt invasion through Matrigcl 
ExposuTs ofcsUs to 80 nTnolfi 17 AAGA for 48 hours reduced their 
invasion potenHal hy 25% to 50% of that of norrnal cells. Data are 
vteans SDj each independent experiment: was done in quadrupli- 
cate Tp < 0.005, **p < 0.05), 



cadherin expression, incieased VEGF and MMP secre- 
tion, as well as increased invasion through Matrigel 
[8-10]. These experimental results correlate doseiy 
with observations regarding c-erbB overexpression 
and aggressive clinical behavior of soEd tumors [4-7]. 
These data provide the rationale for the development 
of treatment strategies specifically designed to abro- 
gate expression or f uiiction of the c-erbB signal trans- 
duction pathways. Antagonistic anti-erbBl and anti- 
erbB2 monoclonal antibodies, although not always 
effectively inhibiting .tumor cell proliferation, have 
been shown to significantly up regulate E-cadherin 
expression, diminish VEGF and MMPs secretion, and 
reduce chemotaxis through extracellular matrix in vitro 
[10, 11]. Whereas these monoclonal antibodies may 
have Hmited clinical use from technical issues pertain- 
ing to delivery of macromolecules to tumor cells, 
low^-mol ecul ar weight com.pounds such as 17AAGA 
that specifically inhibit erbB -mediated signal transduc- 
tion pathways at nanomolar concentrations are of 



if- 
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in the present study,, we sou°^ht to in ves titrate the 
ability of 17AAGA to modulate expression of E-csdherin, 
MMP-9, and VEGE, each of which has been impHcated in 
regulation of metastatic potential in tumor cells. The 
initial step of invasion and metastasis is the dissociation 
of cancer cells from the primary tumor mass resulting 
from aberrant expression of a variety of cell surface 
adhesion molecules, including in te grin, immunoglobu- 
hns, secretins, and cadherins; the cadherins appear to be 
critical regulators of this process [IS]. Cadherins are 
caldum-de pen dent transmembrane glycoproteins that 
mediate hemophilic adhesion between cells. E-cadherin 
plays an important role in miaintairdng in te grit}' of epi- 
thelial tissue; decreased E-cadherin expression or func- 
tion correlates with tumor dediEerentiation, increased 



invasiveness, and lymph node metastases in a number of 
hiiman cardnomas including lung breast, esophagus, 
and prostate [16^ 18]; E-cadherin has been referred to as 
an ''antimetastasis'^ adhesion molecule, because the hi^^h 
propensity for metastasis formation in E-cadheiin- 
negative cells can be reversed by restoration of expres- 
sion of this adhesion molecule [19]. Previous studies have 
indicated an inverse relationship bet^.vesn erbBl ac*"-"'"- 
tion and E-cadherin expression in squamous cell cancers 
of skin and esophagus, as well as breast cardnomas [11, 
. 20], Upregulation of E-cadherin expression and inhibi- 
tion of chemotaxis has been observed in H322 cells after 
exposure to an antagonistic monodonal antibody di- 
rected against the erbBl receptor [11]. 

MMPs are enzymes secreted by normal as well as 
cancer cells that degrade extracellular matrix and in- 
fluence cell motility, tissue implantation, and angio- 
genesis. Considerable evidence indicates that MMP 
expression is increased in cancers relative to adjacent 
normal tissue, and levels of MMP expression correlate 
with tumor invasiveness and distant metastases [21]. 
There exist at least 10 isoforms of these proteases, each 
of which has unique substrate sp edficity. Secretion of 
MMPs is regulated by growth factors, some of which 
activate erbBl or erbB2 mito genie pathways. Inhibition 
of MMP activity either by recombinant tissue inhibitor 
of MMP or pharmacologic agents such as batimastat or 
marimastat decreases tumor growth, invasion, and 
rhetastasis in vivo [21]. More interestingly, reduction of 
MMP levels or inhibition of MMP activity has also 
been shown to suppress angiogenesis in vitro and in 
vivo [21]. 

Tum.ors smialler than 1 to 2 mm in diameter can 
receive nutrients by difiusion, but continued growth of 
the lesions is predicated on neoangio genesis, which is 
regulated by complex mechanisms mediated by a bal- 
ance between proangiogenic and antiangiogenic cyto- 
kines present simultaneously in the tumor and normal 
stromal tissues [22]. VEGF is one of the most potent 
proangiogenic cytokines^ and secretion of VEGF by 
tumor cells may be suftident to ensure neovascularxra- 
ticn. The extent of neovascularization correlates Vvith 
aggressive chemical behavior in a variety of malignan- 
cies induding breast or prostate cancers and melanp- 
m.as; vascular density and VEGF levels in turn, or tissue 
are significant, independent predictors of systemic 
recurrence and diminished sur'/ival in patients with 
stage 1 NSCLC. 

Although tumor dissemination, itself, does not re- 
quire angiogenesis, interruption of angiogenesis 
shoiiLd prevent the growth of metastatic deposits [22]. 
This is the basis of antiangiogenesis therapies using 
monoclonal antibodies against circulating VEGF or 
VEGF receptors on endothelial cells. Another stratec^v 
to mhibit angiogenesis involves targeting oncogene or 
tumor suppressor gene mutations directly influencing 
VEGF transcription through the use of Kerceptin in 
breast cancer padents whose tumors overexpress 
erbB2, or potentially, by restoration of p53 expression 
using gene therapy techniques [10, 23]. Our approach 
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lias been to* 115.8 a pharmacologic ager.t to achieve 
•similar endpoints while avoiding nionoclona] antibod- 
ies or curnbersome, inefndent adenoviral vectors that 
inay have limited use in cHnical settings. Conceivably, 
the m VIVO antiangiogenesis effect of 17AAGA may be 
more pronounced than anticipated on the basis of cur 
m vitro data because tHs compound suppresses VEGF 
expression as v/eil as MMP-9, another potent mediator 
of neoangiogenesis. 

Migration through Matrigel depends on a cell's 
abihty to detach from a multicellular aggre<rate de- 
grade extraceHular matrix, and undergo chemotaxis. 
ihe relative contribution of each of these phenotypes 
to ceH mvasiveness is not known. 17AAGA-mediated 
inhibition of cell invasion through Matrigel is the most 
concrete m vitro evidence of the antimetastatic activity 
of this compound. The mechanisms responsible for 
17AAGA-mediatedupreguIation of E-cadherin, as well 
as mhibition of tumor-derived VEGF and MMP-9 se- 
cretion, m.ost Hkeiy depend on the depletion of erbB2 
or erbBl proteins and subsequent decreased mitogenic 
stimulation via erbB pathways. This notion is sup- 
ported by the fact that these effects have been observed 
in cancer cells after treatment with antagonistic mono- 
clonal antibodies against erbBl and erbB2 receptors 
[10, 11]. However, additional mechanisms unrelated to 
inHbition of erbB signal transduction may be relevant 
given the effects of 17A.^GA on a variety of other ceH 
cycle regulatory proteins, including Raf-1 and cyclin- 
dependent kinase 4 [13]. 

An vivo toxicity profiles of geldanamycin and 
l/.AA^GA have been documented in smaH-animal mod^ 
els; renal and hepatic toxicities are dose-IimitLnc- 
events [24]. However, the nanomolar concentration's 
required to mediate the '^antimetastasis" effects are 
well below the maxim.al tolerable doses reported in 
animal toxicity studies [24]. Underlying mechanisms 
notwithstanding, our findings extend those pertaining 
to the antiproliferative effects of 17AAGA. These cur- 
rent data, together with our previoias observations 
concerning the ability of 17AAGA to sensitize NSCLC 
cells to pacHtaxel [25], provide impetus for the evalu- 
ation of 17A^\GA in lung cancer patients. 
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DISCUSSION 

DR ROBERT J. KEHNAN (Pittsburgh, PA): One of the things 
that s^ck me was the e^ect or lack of effect on normal human 
bronchial epithelium. There were at least a couDle of cell lines 
that seen^ed to have similar erbB-1 and erbB-2 expression to the 
normals, and yet there was no effect of your treatment on normal 
tissue. Can you comment on what the potential is for toxicity to 
norma hssues when there is expression of these genes in 
noixnais? ° 

DR NGUYEN: Thank you. I am glad you brought up that issue. 
In the two graphs that I showed where we used normal human 
bronchial epithelial cells as a normal control I did not show the 
effect of 17A^GA- First of all, I can say that when ie normal 
human bronchial epithelial cells are grown for 96 hours in vitro 
to reach confluence to mimic the noim.al condition in 'Wvo; in 
which there are ver^^ few mitotic activities, treating these cells 
with 17AAGA has no effect on their viability. Treating these cells 
witli 17AAGA indeed does decrease the erbB-1 and erbB-2 
expression, but that does not affect cell viability: So we know 
^om our experiments that this dmg is not toxic to noimal 
human cells grown to confluence in vitro. I have not tested 
normal human" cells in terms of their ability to secrete MMP-9 or ' 
VEGF at all. 

■DR KEENAN: Sometimes there is differential gene expression in 
the metastasis compared with the primary tumor. Do you have 
any data on whether or not some of -the antimetastntic effect 
might be related to th.ose differences in gene expression and 
whether your treatment might be more or less effective because 
of that? 

DR NGUYEN: That is a very insighthil question. No, I have not 

looked into all ^'^'=^ r^^o^^Kr-,^^ ;^-Li. i-i . . •, -r^ 

r^^^^^^-yi--^s. ^hat might contribute to it. The 

prometastasis^' phenotypes evaluated in this project are those 
that have been shown to associate with or actively play a role in 
the process of m.etastasis fonr^^ablon, but not the metastasis 
deposit itself. 



DR JOHN R. BENFIELD aos Angdes, CA): Could you tell ns a 
bit more about the cell lines that you used? There is always the 
problem as to whether cultared cell lines for lung cancer which 
are hard to perpetuate, do in fact represent. what happens in 
lung cancer in humans. What were the cell lines that you used? 

DR NGUVEN: The H460 is a large-cell carcinoma, the H32^-and 
Ho58 cells are bronchoalveolar carcinoma, and H661 is a br-- 
ceU carcinoma. So they are all non-small cell lung cancer°of 
different subtypes. 

DR BENHELD: And they have been perpetuated for how many 
passages? Are these well-established cell lines? 

DR NGUYEN: Yes, these cells are well-established, available 
from ATCC 

DR BENTXELD: Thank you. You alluded to the fact that you are 
ready now for in vivo testing of the agent: There are at least two 
ways m which you could do that preclinically. There are ham- 
sters, non-small cell lung cancer models that are rather well 
estabhshed (Benfield JR, Malkinson AM, Schuller HM, Sunday 
ME. Animal models of lung cancer. In: Kane hL\ Bunn PA Jr 
eds. Biology of Lung Cancer. New York: Marcel Dekker, 1998- 
247-93). The other thing that you might want .to consider is 
placing some of the human tum.ors into nude mice, and then 
fc^nng the agent while the nude mice are accepting the tumor. ■ 

DR NGUYEN: Thank you very much. I appreciate your 
suggestion. * 

^ 1° ^^JP^^'^'' ^^^^ we create either a 

tu...cr m.as3- in the flank or actually inject the K35S cells 
mtravenously via lateral tail vein.s of nude mice to create a 
metastasis model and then treat the animals at a different 
tixx.e point after tumor cell inoculation with 17AAGA. So this 
is the experiment that we are carrying out right now. 
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